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INTRODUCTION. 


During  the  progress  of  their  work  it  became  evident  to  those 
who  were  engaged  in  organising  and  arranging  the  loan  collection 
of  scientific  apparatus,  that  its  usefulness  to  the  general  public 
would  be  very  much  increased,  and  the  interests  of  science  fur- 
thered, if  explanations  of  the  construction  and  uses  of  the  various 
instruments  could  be  given.  Many  of  the  exhibitors  provided 
explanations  at  stated  times  of  the  instruments  lent  by  them ;  but 
it  was  not  possible  to  do  this  for  more  than  a  comparatively  small 
proportion  of  all  the  apparatus  shown,  and  it  was  felt  that  it  would 
be  very  desirable  to  have  lectures  on  the  classes  of  instruments 
and  apparatus  used  for  different  purposes.  In  this  way  infor- 
mation could  be  given  as  to  the  progress  in  the  development  of 
various  apparatus,  and  the  respective  uses  and  advantages  of 
different  forms  of  instruments  might  be  explained. 

The  Science  and  Art  Department  was,  however,  from  want  of 
funds,  powerless  to  institute  such  a  course  of  lectures  ;  but  at  this 
stage  several  scientific  men  came  forward  and  generously  offered 
their  services  in  giving  free  lectures  on  the  evenings  when  the 


vi  INTRODUCTION. 

collection  was  open  to  the  public.  Others  whose  names  are 
well-known  in  the  scientific  world  followed  their  example,  and  a 
series  of  lectures  was  organised  which  lasted  through  the  summer 
and  which  are  printed  in  this  volume. 

The  Lords  of  the  Committee  of  Council  on  Education  take 
this  opportunity  of  tendering  their  thanks  to  the  gentlemen  to 
whom  they  and  the  public  are  indebted  for  these  lectures,  as  well 
as  to  those  who  at  a  later  period  of  the  year  gave  lectures  bearing 
on  the  same  collection,  but  which  it  has  not  been  found  practicable 
to  publish.  That  their  efforts  were  highly  and  widely  appreciated 
by  the  public  was  evident  from  the  numbers  of  the  audience  and 
their  very  attentive  and  intelligent  behaviour,  which  My  Lords 
trust  were  some  recompense  for  the  trouble  and  time  which  the 
lecturers  had  so  liberally  bestowed  for  the  public  good. 
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pN  JOHN    DALTON'S  APPARATUS,  AND  WHAT 
HE    DID   WITH    I'L 

Lecture  bv  Professor  Roscoe,  F.R,S. 


Major  Donnelly,  R.E.,  in  the  chair. 
_  UjOR  Donnelly,  on  taking  the  chair,  said  Professor  Roscoe's 
reputadoD  among  men  of  Science  rendered  it  quite  unnecessary 
that  he  should  be  introduced  to  the  audience,  to  whom  his  name 
was  no  doubt  already  quite  familiar.  But  he  was  glad  of  the 
Opportunity  afforded  him  of  explaining  how  this  series  of  lectures 
originated,  and  pointing  out  how  much  they  were  all  indebted  to 
Professor  Roscoe,  and  the  other  eminent  men  who  had  come  for- 
ward with  him  to  aid  in  this  matter.  They  were  all  aware  how  much 
the  Loan  Collection  owed  to  the  many  men  of  Science  who  had 
devoted  so  much  labour  and  so  mucli  of  their  valuable  dme  in 
forming,  classifying,  and  arranging  it.  Without  the  help  of  these 
ahle  volunteers,  the  otficers  of  the  Science  and  Art  Department 
would  have  been  quite  powerless  to  cope  with  the  mass  of  objects 
of  the  most  interesting  kind  which  had  been  poured  into  the 
Exhibition  from  all  parts  of  the  world.  Among  the  volunteers 
Qone  had  worked  harder  than  Professor  Roscoe.  And  when, 
after  the  Collection  was  opened,  it  was  seen  how  much  it  was 
appreciated  by  the  public,  how  eagerly  any  means  of  informing 
themselves  with  regartl  to  the  objects  were  sought  after  by  the 
visitors,  aod  how  much  any  explanations  that  were  given  were 

tl.  Professor  Roscoe  and  a  number  of  other  genllemen  volun- 
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leered  lo  give  free  evening  lectures.  This  offer  was  mnst  grate- 
fully accepted.  And  Major  Donnelly  said  he  fe!t  sure  that  the 
audience  would  fully  appreciate  what  was  being  so  hberally 
done  for  their  instruction  and  amusement. 

He  also  announced  that  steps  were  being  taken  to  give  expla- 
nations of  various  objects  at  staled  times  during  certain  days  of 
the  week  in  the  galleries. 

On  the  6th  Sept^iber,  17O6,  in  a  poor  weaver's  cottage,  lying 
on  the  breezy  hills  of  Cumberland,  in  the  village  of  Eaglesfield, 
near  Cockermouth,  was  born  a  man  who  was  destined  to  do 
more  for  the  progress  of  physical  science,  and  especially  of 
chemistry,  than  any  other  with  the  single  exception  perhaps  of 
Lavoisier.  Sprung  from  a  humble  but  thrifty  north-country 
Quaker  stock,  John  Dalton,  like  many  of  the  men  who  have 
made  their  names  illustrious  in  this  and  in  other  countries,  was 
self-educated. 

His  chief  mental  characteristics  were  independence  of  spirit, 
indomitable  determination,  and  perseverance,  clearness  and 
straightforwardness  of  vision,  fearlessness  of  inquiry,  and  entirely 
unselfish  and  life-long  devotion  to  the  advancement  of  scientific 
truth.  Hear  what  he  says  of  his  own  powers.  "  If  I  have  suc- 
ceeded better,"  he  writes  "  than  many  who  surround  me,  it  has 
been  chiefly — nay,  I  may  say,  almost  solely — from  unwearied 
assiduity.  It  is  not  so  much  from  any  superior  genius  that  one  man 
possesses  over  another,  but  more  from  attention  to  study,  and 
perseverance  in  the  objects  before  them,  that  some  men  rise  to 
greater  eminence  than  others."  Dalton's  early  independence 
and  spirit  is  well  shown  by  the  fact  related  in  the  interesting 
life  of  Dalton,  written  by  my  lamented  friend  Dr.  Lonsdale, 
that  one  day  on  the  outside  of  weaver  Dalton's  cottage,  his 
SOD  John,  then  about  12  years  of  age,  had  posted  up  a 
large  sheet  of  white  paper,  inscribed  with  a  bold  hand, 
containing  the  announcement  of  his  having  opened  a  school 
for  both  sexes  on  reasonable  terms.  For  a  short  lime  he 
taught  this  primitive  school  in  an  old  bam,  then  in  his  father's 
house,    and    finally    in     the     Friends'     meeting-house.      His 
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fc  ffcbolars  were  of  all  ages,  from  infancy  10  17;  some  had 
to  sil  on  his  knees  to  be  taught  the  alphabet,  whilst  others 
threatened  their  young  master,  proved  highly  refractory,  and 
actually  challenged  him  to  fight.  His  Quaker  firmness  and 
do^ed  perseverance  stood  him  in  good  stead  on  these  occasions, 
and  he  came  out  victorious. 

As  a  schoolmaster  he  began  life,  and  as  a  schoolmaster  he 
ended  it  j  and  it  was  by  teaching  that  through  life  he  earned 
his  bread,  first  in  Eaglesfield,  then  in  Kendal,  where  he  undertook 
a  school    in    conjimction   with   his   brother,   and   afterwards  in 

I  Manchester,  where,  in  the  year  1793,  he  was  appointed  science 
intor  to  the  Manchester  New  College,  and  lastly  as  a  private 
tntor  of  Mathematics  and  science  to  anybody  who  could  afford 
to  pay  from  eighteen  pence  to  half-a-crown  per  lesson. 
This  routine  occupation  of  teaching  was,  however,  only  the 
itHilward  occupation  of  his  mind.  All  the  time  he  was  teaching 
the  children  at  Eaglesfield,  and  the  boys  at  Kendal,  and  the 
young  men  and  young  women  at  Manchester  (for  even  in  those 
days  young  women  learned  science),  his  mind  was  wholly 
oditTH'ise  engaged,  first  by  solving  mathematical  problems,  which  ■ 
k-vere  published  in  the  '  Ladies'  Diary,"  a  magazine  in  those  days 
pnch  sought  after ;  then  by  the  study  in  Kendal  of  many 
inches  of  scientific  inquiry,  especially  those  of  meteorological 
ibenomcna,  and  thus  laying  the  foundation  for  those  great 
scientific  discoveries  which  have  made  his  name  immortal. 

The  collection   of  Dalton's   apparatus   exhibited    is    only    a 

iDTtion  of  that  which  Dalton  prepared  with  his  own  hands  and 

lith  which    he    made  his  researches.     It  is   interesting    and 

inportant,  not  from  any  inherent  value,  but  because  it  e.-cplains 

,  with    such   rtide   and   imperfect   appliances,   a  mind    like 

alton's  was  able  to  obtain  important  results.     As  indicating  the 

ight  value  which  he  set  upon  apparatus  of  an  expensive  kind, 

fbe  following  story  is  told  in  his  life.     M.  Pelietan,    of  Paris, 

firnited  Manchester  in  iSao  for  the  sole  purpose  of  paying  his 

to  the  founder  of  the  atomic  theory.     He  fancied  that 

llJalton   would   be   occupying  a  professor's  chair  surrounded  by 

■  adepts  in  sdence  and  hundreds  of  ingenuous  youths ;  residing  in 
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a  handsome  mansion  in  a  handsome  square  of  the  city,  or  enjoy- 
ing his  etium  mm  digrUtate  in  a  suburban  villa,  with  roses  embel- 
lishing its  porch ;  in  short,  the  great  representative  man  of 
Manchester,  and  well  known  and  appreciated  by  every  dtizen. 
Judge  of  his  surprise  when  Momiair  Dalton,  U  philosofhe,  could 
only  be  found  after  much  inquiry,  and  when  found,  was  engaged 
looking  over  the  shoulders  of  a  boy  figuring  numbers  on  a  slate. 
The  Frenchman,  doubting  his  senses,  asked  the  grey-headed 
gentleman  if  he  really  had  the  honour  of  addressing  Monsieur 
Dalton.  "  Yes,"  replied  Dalton ;  "  will  you  sit  down  till  1  put 
this  lad  right  about  his  arithmetic?"  As  the  stranger  gathered 
confidence  he  asked  Dalton's  permission  to  see  his  laboratory 
and  philosophical  instruments,  the  employment  of  which  had  led 
to  such  remarkable  discoveries  in  physics.  "  Oh  !  "  said  Dalton, 
pointing  to  a  miscellaneous  collection  of  apparatus  occupying  a 
corner  of  the  room,  "  that  is  all  the  apparatus  I  possess." 

Dalton's  mind  was  first  directed  towards  the  study  of  meteor- 
ology. The  constant,  reiterated  observation  thus  necessary,  and 
the  deductions  which  could  be  drawn  therefrom,  were  subjects 
suited  to  his  peculiar  mind.  He  first  began  to  make  general 
observations  on  the  weather,  and  then  to  record  in  tabulated  fonn 
the  indications  of  the  barometer,  thermometer,  and  hygroscopc, 
all  of  his  own  construction,  for  in  those  days  philosophical 
apparatus  in  the  north  of  England  was  difficult  to  procure, 
and  even  could  it  have  been  met  with,  his  means  did  not 
enable  him  to  purchase.  "  The  barometer,"  he  says,  "  is  graduated 
into  3*5  of  an  inch,  the  thermometer  (on  Fahrenheit's  scale)  is  a 
mercurial  one  exposed  to  the  open  air,  but  free  from  the  sun." 
The  hygroscopc  was  made  from  about  6  yards  of  whip-cord 
susi>ended  from  a  nail,  with  a  small  weight  to  stretch  it ;  its  scale 
of  inches  began  from  no  certain  point,  the  less  the  number  the 
shorter  the  string  and  the  greater  the  moisture. 

On  March  the  i^tii,  1787,  he  began  a  regular  record  of 
meteorological  phenomena,  and  this  record  he  continued  with 
uninterrupted  sequence  to  the  last  day  of  his  life,  on  the  ijih  of 
July,  1844.  The  rain-gauge,  which  he  describes,  and  of  which  I 
have  a  model  before  me,  was  characteristic  Irom  its  simplicity. 
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The  letter  in  which  he  describes  this  rain-gauge  to  a  Miss 
Hudson,  one  of  his  Eaglesfield  pupils,  is  interesting,  and  shows 
that  in  those  days  the  young  women  of  the  Cumberland  villages 
had  sufficient  education  to  understand  decimals,  and  the  use  of  a 
sdcDtific  iastiumenC : 

"Kendal,  8  mo.,  ^th,  1788. 

"Respected  Friend, — The  study  of  Nature  having  been  with  me 

L  a  predominant  inclination,  it  is  not  unlikely  that  I  should  be  ready 

I  to  prompt  others  to  the  same,     I  have  been  tempted  to  think 

that  thou  would  lake  a  pleasure  in  remarking  the  quantity  of  rain 

that  falls  with  you  each  day,  if  thou  knew  with  what  facility  the 

same  is  effected.     1    have   observed  here  that  people  who  are 

entirely  ignorant  of  the  nutter  suppose  it  a  work  of  great  labour 

and  difficulty,  and  which  can  only  be  done  by  those  they  call 

great   scholars.     This,    however,    is    a   mistake.     A    very   little 

knowledge  of  mensuration  is  sufficient  for  the  theory  of  it,  and 

nothing  but  plain  addition  is  wanted  in  the  practice. 

"  The  annexed  scheme  will  represent  the 
most  simple  apparatus  :  A.B.  is  a  three-foot 
Stool,    to  be  fixed  in  a   garden  bed,   etc. 
A.C  and  B  D  two  posts  fixed  in  the  same 
about  II   or  ij    inches,  and    support  the 
arm  CD,   which  is  i\   inch  broad  and  i 
Ldcep  ;  the  pipe  of  the  funnel  exactly  fits  the 
rhole  in  CD,  keeping  the  funnel  firm  and 
P  level.      The  funnel  may  be  6,  7,  or  more 
inches    over;   and  if  it    have  an  upright 
lim  of  an  inch,  it  is  better,  but  will  do 
without  it.  Also,  it  should  be  painted  to  save  ii 
A  common  glass  bottle  will  hold  all  the  wate 
time  in  ^4  hours,    if  the  funnel  be  only  6  c 
aineter ;  except,  perhaps,  two  or  three  days  ii 
I  of  scales,  with  a  few  small  weights,  are  requisite. 

"  Now,  to  determine  the  depth  of  water  dial  falls  on  any  level 
■  lauT&ce  from  the  above,  we  have  the  following  tables  made  for 
fclimncls  of  6  and  7  inches,  wherein  are  set  down  the  depths, 
^corresponding  to  the  several  weights,  in  decimal  fractions.     And 


t  from  the  weather. 

■  that  falls  at  any 

r  7  inches  in   di- 

■  e  year.    A  pair 
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any  person  who  has  learned  mensuration  will  be  able  lo  adapt  a 
table  to  any  funnel,  by  knowing  that  62^  lbs.  avoirdupois  equal 
I  cubic  foot  of  water  : — 


Suppose  there  is  caught 

mth  a  funnel  of  6  inches 

diameter  i  lb.  3  oz.  5  J  drs. 

of  water,  required  the  depth. 

I  lb.=  '9778 

2  0Z.=   '1222 

I  =  -0611 
4drs.=  -0153 
J        =  '0038 

\        =  '0010 


I*l8l2 


Weights. 

Diameters  of  Funnels. 

lb.  av. 

6  inches. 

• 

7  inches. 

I 

•9778 

•7184 

oz. 

8 

•4889 

•3592 

4 

•2445 

•1796 

2 

•1222 

•0898 

I 

•0449 

drs. 

•06 1 1 

8 

•0306 

•0225 

4 

•0153 

•0112 

2 

•0076 

•0056 

I 

•0038 

•0028 

1 
2 

•0019 

•0014 

* 

•0010 

•0007 

i 

•0005 

•0004 

"  That  is,  the  depth  that  would  have  fallen  on  a  level  surface 
will  be  I  inch,  i  tenth,  8  hundred,  i  thousand,  and  2  ten 
thousand  parts  of  an  inch. 

"  Suppose  with  a  funnel  of  7  inches  there  is  caught  i  oz.  7!  drs. 

1  oz.  =  0449 

4  drs. = 'Oil 2         That  is,  6  hundredth,  5  ten  hundredth 

2  •=•0056     or  thousandth,  9  ten  thousandth  part  of 
I       '='0028     an  inch. 


1       •= 
2 


=•0014 


•0659 


"  N.B. — The  water  is  supposed  to  be  taken  at  stated  hours,  as 
6,  or  8,  or  10  at  night. 
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"  By  this  time  I  apprehend  the  difficalty  generally  supposed  to 
Attend  this  matter  is  removed.  I  should  be  glad  if  thou,  or  any 
io  your  neighbourhood,  on  whose  accuracy  one  might  rely,  would 
find  it  agreeable  and  convenient  to  notice  this  matter ;  but,  how- 
ever, I  do  not  mean  to  request  it,  but  only  to  show  the  easiness 
with  which  it's  done.  Ignorance,  no  doubt,  will  look  upon  this 
as  a  trifling  and  childish  amusement,  but  few  of  this  nature  are 
such  in  a  philosophical  sense.  If  to  be  able  to  predict  the  state 
of  the  weather,  with  tolerable  precision,  by  which  great  advantage 
might  accrue  to  the  husbandman,  to  the  marineT,  and  to  mankind 
in  general,  be  at  all  an  object  worthy  of  pursuit,  that  person  who 
has  in  any  way  contributeJ  to  attain  il  cannot  be  said  to  have 
lived  or  to  have  laboured  in  vain.  I  am,  respectfully,  thy  friend, 
"  John  Daltov." 

"To  Sarah  Hudson,  Eaglesfield," 

His  thermometers,  several  of  which  are  in  the  exhibitioa,  were 
s  a  rule  all  made  by  himself 

The  following  letter  10  his  cousin  Elihu  Robinson,  to  whom 
I  his  boyhood  he  had  owed  much,  gives  a  desoiption  of  the 
1  which  he  employed  for  making  his  theimometers  ; 

"Kendal,  8  mo.,  a3rd,  1788. 
"  Dear  Cousin, — Herewith  thou  «ilt  receive.  I  hope  safely,  two 
lometers  with  somewhat  longer  scales  than  the  former ; 
e  to  take  thy  choice  of  the  three,  to  let  John  Fletcher  have 
£he  next  choice,  and  to  reserve  the  other  till  my  brother  comes. 
**  You  will  probably  choose  by  the  length  of  the  scales  ;  but 
e  with  the  least  bulbs  will  soonest  come  to  the  temperature 
f  the  surrounding  medium.  However,  the  largest,  I  apprehend, 
win  rise  or  fall  to  within  a  degree  of  the  proper  place  in  half  an 
hour  in  the  air.  Thou  may  try  whether  that  thou  hast  already 
is  with  these  two  or  not,  by  dipping  the  bulbs  into  a  basin  of 

t  for  five  minutes. 

■  *  Possibly  the  manner  of  making  them  may  not   be  unenter- 

A  small  receptacle  being  fixed  on  the  end  of  the  tube,  a 

tatiiy  of  mercury  is  poured  into  it,  part  of  which  runs  down  the 

s  to  half  fill  the  bulb,  and  then  stops,  the  tube  being  still 
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filled  with  mertury,  which  is  unable  to  fall  by  reason  of  the  pressure 
of  the  air  in  the  bulb.  Then  a  candle  is  applied  to  the  L>uli},  which, 
rarefying  the  air  contained  in  it,  raises  the  mercury  in  the  tube 
quickly  to  the  top,  and  then  it  escapes  in  bubbles  through  the 
mercury  in  the  receptacle.  This  done,  it  is  cooled  again,  when 
the  internal  air  contracting,  another  portion  of  mercury  falls 
down  into  the  bulb ;  and  this  operation  is  repeated  till  all  the 
air  is  expelled.  Then  the  mercury  is  heated  above  boiling  water, 
and  the  end  of  the  tube  melted  and  closed  at  the  same  time, 
when,  the  mercury  subsiding,  there  is  left  a  vacuum  ;  this  is  done 
chiefly  to  keep  the  moisture,  dust,  eta,  out  of  the  lube.  The 
whole  is  then  put  into  boiling  water,  when  the  barometer  stands 
at  30  inches,  and  the  boiling  point  thereby  determined  ;  after- 
wards (if  circumstances  admit),  the  freezing  point  is  found  by 
putting  it  into  a  mixture  of  water  and  pounded  ice,  or  water  and 
snow,  which,  when  melting  before  the  fire,  keep  at  an  invari- 
able point  (32°)  till  the  whole  is  melted.  If  this  cannot  be 
done,  as  in  summer,  it  may  be  set  by  another  thermometer,  and 
the  scale  adapted  accordingly.  N,B.~As  the  freezing  points  of 
these  two  were  not  found  on  account  of  the  season,  it  will  not 
be  amiss  to  try  whether  they  are  accurate,  when  a  convenient 
season  comes. 

"The  principle  on  which  they  act  needs  little  exphcation  ;  as 
mercury,  like  most  other  bodies,  is  subject  to  be  contracted  by 
cold  and  expanded  by  heat ;  and  as  the  capacity  of  the  bulb 
remains  always  filled,  the  total  variation  of  the  mercury  in  bulk, 
it  is  evident,  will  be  manifested  in  the  tube. 

"  The  range  of  the  thermometer  is  little  in  these  parts  com- 
pared with  the  northern.  At  Petersburgh  the  summer  heat  is 
equal  to  ours,  but  in  winter  severe  cold  predominates  ;  the  ther- 
mometer is  frequently  found  40  or  60  below  nothing ;  and  in 
Siberia  it  has  been  observed,  even  100  or  120  below  nothing. 
On  the  contrary,  in  the  burning  sands  of  Africa  it  reaches  120 
or  140  above  nothing,  Is  not  the  internal  principle  of  heat  in 
man  and  other  animals  a  wonderful  phenomenon,  that  can  sus- 
tain these  two  extremes  without  any  sensible  variation  P 

"  Remark,— Reaumur's  scale  (used  by  the  French  and  others) 
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»UQl5  from  o  at  the  freezing  point  to  80'  at  the  boiling  point ; 
nnsequently  aj  degrees  Fahrenheit  are  equal  to  i  of  Reaumur. 

"  Abstract  of  my  journal  for  the  present  year. 
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7 

mo.   568 

47 

70323 

28 

Thunder-storms. 


5  mo.,  19.     2  P.M.,  distant,  W. 

„'      2O.     7  P.M.,  frequent  loud  peals,  very  near. 

7  mo.,     3.     6  P.M.,  frequent  peals,  some  very  near. 

8  mo.,  16.  i\  P.M.,  distant  about  8  miles,  S.E  ,  but  loud  and 
tremendous ;  about  20  or  30  flashes  were  observed  in  as  many 
aunuies,  aud  the  reports  of  each  heard  though  the  doud  was  but 
just  visible  above  the  horizon ;  the  zenith  clear.  My  love  to 
cousId  Ruth,  self,  and  family. 

"  John  Dalton." 
Id  a  letter  of  May  24,  17S8,  written  to  his  friend  Mr.  Cros- 
thwaite,  of  Keswick,  Dallon  describes  minutely  the  mode  he 
adopted  for  constructing  a  barometer,  which  he  sold  for  the 
aK>d<.'St  sum  of  18  shithngs.  In  these  early  days  he  omitted  to 
boil  or  even  to  heat  the  mercury  after  he  had  placed  it  in  the  tube, 
to  that  both  air  and  moisture  were  present.  The  error  arising 
from  this  cause  he  appears  to  have  discovered  soon  afterwards, 
br  he  writes  : — "  I  intend  to  renew  mine  as  soon  as  convenient ; 
if  tlkou  do  the  same,  be  careful  m  undoing  it,  and  attend  to  the 
ontions  1  give.      Be  sure  to  rub  the  inside  of  the  tube  well  with 
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wmn  diy  onttoeor  vool ;  and  bxve  the  iimuiij,  wben  pooicd  to, 
at  ksst  mOk-wann,  for  nratstute  b  above  alt  things  else  to  fae 
avoided,  as  it  depresses  the  meicQiy  bx  more  than  a  paitkle  of 
ail  does  :  mine  is,  as  I  hare  said,  at  least  -j^^tfa  of  an  inch  too 
low,  and  yet  it  is  clear  of  air,  and  »  all  :q>pcaiaDces  dif ;  but  I 
doobi  not  but  attending  to  these  preoutioos,  wtudt  1  knev 
luNhtng  of  when  it  «-as  blled,  will  nax  it  up  to  its  proper 
hei^" 

The  results  of  obsenations  m»de  with  these  instrnmeDts  were 
embodied  to  a  volume  of  nieteorolopcal  essays  pobHshcd  in 
Loodon  ia  the  jear  1793,  in  which  he  discasses  amongst  odm 
subjects  the  flnctiiations  of  the  barometer  and  the  phenooiena  of 
the  aurora  borealis. 

In  the  jeai  1 793  Daltoo  removed  from  Kendal  to  Manchester, 
and  be  was  30  jears  of  ^e  before  be  gave  any  special  attoitian 
to  chemistry.  The  first  conunonicatioii  on  a  physical  subject 
idiich  Dalton  made  to  the  Philosophical  Society  in  Manchester 
was  on  bis  own  pemliaiity  of  colooi-bUndness,  read  in  October, 
1794;  and  his  secood,  read  on  March  ist,  1799,  was  an  impor- 
tant one  as  marking  the  commencement  of  his  attachment  to 
physical  research.  The  questiou  of  the  obser^aiioiis  on  the 
rain-fall  had  often  led  him  to  consider  tfae  question  of  how  the 
moisture  is  taken  up  by  the  air,  and  he  then  came  to  the  following 
conclusions : 

(i.)  That  aqueous  vapour  is  an  elastic  fluid  diffusible  in  the 
atmosphere,  but  forming  no  themical  combination  with  it ;  (j) 
that  the  maximum  of  vapour  contained  in  the  atmosphere  is 
r^ulated  by  the  temperature  alone;  and  (3)  that  throughout 
the  atmosphere  a  quantity  of  vapour  is  always  contained,  >'aiyiiig 
ia  amount  according  to  circumstances. 

To  show  the  use  that  he  made  of  his  thermomelere,  as  well  as 
to  indicate  his  accurate  power  of  observation,  the  following 
izxtracl  from  a  letter  to  his  brother,  written  in  1799,  is  of 
interest : — "  I  have  lately  been  making  some  curious  experiments 
on  ihe  congelation  of  waler  in  certain  circumstances.  1  have 
cooled  it  down  to  5°  or  6°  (Fahrenheit)  without  freezing,  by  put- 
ting it  into  a  tbennometer  tube.     I  find  it  also  impracticable  to 
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;  it  in  such  ciroimstances  above  15"  or  20°;   when  it  does 

it  is  iostantaneous,  and  the  liquor  shoots  up  the  tube  as  if 

J  by  a  syringe,  and  often  burets  the  tube  with  a  report." 

e  nest  determined  the  point  of  maximum  density  of  water, 

ing  it  to  lie  between  36°  and  38°,  whereas  we  now  know  from 

:  experiments    of   Joule,   that    the    point    lies    at 


In  October,  1 801,  Dalton  read  several  memoirs  before  the  Man- 
chester Society  :  (i)  Experimental  essays  on  the  constitution  of 
mixed  gases ;  (i)  on   the  force  of  sicam  or  vapour  from  water 
and  other  Iit|uids  in  different  temperatures,  both  in  a  torricellian 
vacuum  anil  in  air ;  (3)  on  evaporation  ;  and  (4)  on  the  expansion 
of  gases  by  heat,     Dalton's  law  of  evaporation  may  be  stated  as 
^^^llows,  in  the  words  of  Professor  Balfour  Stewart :— "  In  a  space 
^Hhnitute  of  air,  the  vaporisation  of  a  liquid  goes  on  until  the  vapour 
^^Biattsinedadeterminatepressure.  dependent  on  the  temperature, 
^^■tbat  in  every  space  void  of  air  which  ts  saturated  with  vapour,  de- 
terminate pressure  corresponds  to  determinate  temperature."  When 
gas  and  vapour  are  mixed  together  in  a  confined  space,  the  law 
disco\-ered  by  Dalton  maybe  expressed  as  follows  : — "  In  a  space 
filled  with  air  the  same  amount  of  water  evaporates  as  in  a  space 
destitute  of  air ;  and  precisely  the  same  relation  subsists  between 
the  temjierature  and  the  pressure  of  Ihe  vapour  whether  the  space 
Xttains  air  or  not,"    It  has  now  been  found  by  more  accurate 
Timents  that  the  law  of  Dalton  is  not  quite  correct,  Reg- 
pltt  having  shown  that  the  tension  in  air  is  always  about  z  per 
t.  less  tlian  in  vacuo.      Nevertheless,  Regnault  is  inclined  to 
peve  that  Daiton's  view  is  the  true  oue,  and  that  the  difference 
r*'cd  may  bo  due  to  the  absorbing  influence  of  the  walls  of  the 
ining  vessel. 
slton's  second  essay,  "On  the  Force  ofSteam  or  Vapour  from 
X  and  other  Liquids  at  different  Temperatures,"  is  one  of  great 
furnishing  a  means  of  determining  the  absolute 
IDtity  of  moisture  contained  in  a  given  volume  of  air,  after  the 
r  point  has  been  ascertained.     In  this. essay  too,  we  find  the 
arkable   fact   that    Dalton  anticipated  by  several  years   the 
Xivcry  made  by  Northmore  and  Faraday,  of  the  condensation 
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of  gases.  "There  can  s*:atcely  be  a  doubl  entertained,"  says 
Daltoo,  "  respecting  the  reducibility  erf  all  elastic  fluids,  of  whit- 
ever  kiod,  into  liquids;  and  we  oughtnot  to  despair  of  cffectingit 
in  low  temperatures,  .and  by  strong  pressure  exerted  upon  the 
tmmixed  gases."  Although  this  coodusion  has  not  been  cuiiver- 
sally  cairied  out,  yet  the  expression  of  the  possibility  of  condens- 
ing one  fonn  of  matter  into  another  is  one  which  exhibits 
Dalton's  power  of  scientific  insight. 

In  the  exhibition  we  have  an  instrument,  No.  17,  tised  by 
Dalton  for  the  determination  of  the  tension  of  the  vapour  of 
ether,  and  this  is  interesting  as  being  the  means  by  whidi 
Dalton  arrived  at  one  of  his  most  important  experimental  laws, 
viz.,  "  That  the  variation  of  the  force  of  vapour  from  all  liquids 
is  the  same  for  the  same  variation  of  temperature,  reckoning  from 
vapour  of  any  given  force." 

He  describes  the  instrument  as  follows :  "  The  ether  I  used 
Iwils  in  the  open  air  at  102°.  I  filled  a  barometer  lube  with 
meroiry  moistened  by  agitation  in  ether  ;  after  a  few  minutes  a 
portion  of  the  ether  rose  to  the  top  of  the  mercurial  colunm,  and 
the  height  of  the  column  became  starionary.  When  the  whole 
had  acquired  'the  temperature  of  the  room  (62°),  the  mercury 
stood  at  i7'oo  inches,  the  barometer  being  at  the  time  2975 
inches.  Hence  the  force  from  the  vapour  of  ether  at  62'^  is  equal 
to  i2'7s  of  aqueous- vapour  at  172°,  which  are  40°  from  the 
respective  boiling-points  of  the  liquids," 

The  apparatus  which  it  is  believed  Dalton  employed  for  the 
measurement  of  the  expansion  of  gases  by  heat  is  exhibited  in  Nos, 
35  and  36.  They  consist  of  bulb  tubes  with  graduated  scales. 
Dalton  ascertained  by  repeated  experiments  that  1000  volumes  of 
common  air  ofihe  temperature  ofs5°,  and  common  pressure.expand 
to  1325  volumes  when  heatedtoatemperatureof  212",  and  he  con- 
cluded that  any  gas  at  any  temperature  increases  in  volume  for  a  rise 
of  one  degree  by  a  constant  fraction  of  its  bulk  at  that  temperature. 
Other  gases  too  he  found  expand  equally  with  air ;  thus  hydrogen, 
oxygen,  carbonic  acid,  and  nitrous  gas,  were  observed  by  him,  the 
small  differences  he  noticed  being  due  to  the  presence  of  aqueous 
vapour.  Hence  Dalton  concluded  "  thai  all  elastic  fluids,  under 
the  same  pressure,  expand  equally  by  heat." 
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pThese  researches,  as  well  as  the  instruments  which  are  here 
indicated  the  character  of  Dallon's  genius.  Hia 
ralus,  rudely  and  roughly  made  with  his  own  hands,  were 
;  of  affording  correct  results,  and  his  tnatmer  of  experi- 
meatation  was  the  reverse  of  accurate.  In  spite,  however,  of  the 
fkultioess  of  his  apparatus,  his  experiments  were  not  only  skilfully 
devised,  but,  as  Dr.  Henry  remarks,  they  were  most  skilfully  inter- 
preted, so  that  the  result  of  the  combination  of  experiment  and 
deduction  was  the  discovery  of  general  laws  of  the  relation  of 
vapour  to  air  which  still  constitute  the  foundation  of  meteorologi- 
cal science. 

The  apparatus  marked  Nos.  ii,  11,  and  23,  in  the  catalogue, 
indicates  a  new  point  of  departure  of  Dallon's  experimental  in- 
vestigations, for  these  rough  instruments  are  the  eudiometers  with 
which  he  made  bis  first  chemical  analysis ;  namely,  the  determina- 
tion of  the  composition  of  the  air.  On  November  the  nth,  1802, 
D^ton  communicated  to  the  Manchester  Society  the  results  of  an 
■'  experimental  enquiry  into  the  proportion  of  the  several  gases  or 
clastic  duids  constituting  the  atmosphere," 

These  he  ascertained  by  weight  to  be  as  follows  :— 

AiOtic  gas 75-55 

Oxygenous  gas a3'3z 

Aqueous  vapour  103 

I  Carbonic  acid  gas oio 
rWs  same  paper  possesses,  however,  a  srill  greater  interest,  as  it 
the  one  in  which  for  the  first  time  the  existence  of  chemical 
nbination  in  multiple  proportions  is  clearly  stated.  He  tells  us 
Lt  the  ox^en  contained  in  100  volumes  of  common  air  will 
combine  in  a  narrow  tube  with  36  volumes  of  pure  nitrous  gas, 
forming  nitric  acid,  or  with  71  in  a  wide  vessel  to  form  nitrous  acid. 
"These  tacts,"  he  states,  "clearly,  point  out  the  theory  of  the 
piocess  :  the  elements  of  oxygen  may  combine  with  a  certain  pro- 
portio<n  of  nitrous  gas,  or  with  twice  that  portion,  but  with  no 
^intermediate  quantity." 
^^L  Here  again  we  have  an  example  of  the  clearness  of  perception 
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which  enabled  Dalton  to  argue  correctly  from  inei^ct  experiments. 
If  we  repeat  the  experiment  as  described,  we  do  not  obtain  die 
results  he  arrived  at.  Oxygen  cannot,  as  a  fact,  be  made  to 
combine  with  nitric  oiide  in  die  propomwi  of  i  to  2  by,  accord- 
ing to  the  plan  proposed  by  Dal  too,  tnerely  vaningthe  shape 
of  the  containing  vessel,  although  by  other  means  n-e  can  now 
effect  these  two  acts  of  combination.  Hence,  we  see  that  Daltoa's 
conclusions  (rere  correct,  although  it  appears  to  ha*-e  been  a  mere 
chance  that  his  experimental  results  rendered  such  a  conclusitm 
possible. 

In  Januar)',  1S03,  he  opened  a  new  mine  of  investigation  in  a. 
paper  "  On  the  tendency  of  elastic  fluids  to  diffusion  through  p^nh 
other;"  and  here  again  we  have  to  notice  theestrenie  simplicity  of 
the  means  he  adopted  to  obtain  important  results.  He  took  two 
phials  connected  together  by  a  glass  tube  10  inches  long  and^of 
an  inch  in  diameter ;  the  upper  phial  he  filled  with  a  light  gar 
(hydrogen),  the  lower  with  a  heavy  gas  (caibonic  acid).  Afier  the 
lapse  ot  some  time  he  found  that  the  gases  in  the  phials  thus  con- 
nected together  had  uniformly  diffused ;  that  the  hea^7  gas  had 
ascended,  whilst  the  lighter  gas  had  descended,  and  thus  he  came 
to  the  conclusion  that  elastic  fluids  of  different  specific  grarides 
do  not  separate  after  loog  standing,  but  remain  in  a  condidon  of  imi- 
fonn  and  equal  diffusion.  Id  the  collection  next  to  Dalton 's  instm- 
menls  stands  the  apparatus  of  Thomas  Gtahani,  and  this  is  as  it 
should  be,  for  Graham  worked  up  the  rough  block  which  had  been 
prepared  for  him  by  Dalton,  determinmg  the  rales  of  diffusion 
of  different  gases,  and  finding  these  to  be  inversely  proporticHial 
to  the  square  roots  of  their  densides. 

The  period  with  which  we  arc  now  engaged  was  certainly 
Dalton's  most  prolific  one.  A  papwr,  "On  the  absorption  of 
gases  by  water  and  other  liquids,"  read  on  October  iist,  1803,  is 
important,  because  it  contains  the  first  germs  of  his  celebrated  Ato- 
mic Theory.  In  considering  the  mode  in  which  gas  is  dissolved  in 
water,  Dalton  states  tt  as  his  opitiion  that  the  particles  of  gas  arc 
dissolved  in  water  much  in  the  way  that  particles  of  sand  can  be 
mixed  with  a  quantity  of  small  shot,  and  he  concludes  that  the 
fact  of  water  not  dissolving  all  gases  in  the  same  quantity  depends 


^ 
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I  the  weight  and  number  of  the  ultimate  particles  of  the 
1  gases,  those  whose  particles  are  lightest  and  single  being 
1st  absorbable,  and  the  others  more,  according  as  they  increase 
weight  and  complexity."  He  continues,  "  An  enquiry  into  the 
uive  weights  of  the  ultimate  particles  of  bodies  is  a  subject,  as 
!  know,  entirely  new.  I  have  lately  been  prosecuting  this 
with  remarkable  success."  Then  follows  a  table  (printed 
in  1805),  which  is  interesting  as  being  the  one  in  which  the 
relative  weights  of  the  ultimate  particles  of  gaseous  and  other 
bodies  is  for  the  first  time  given. 

tvast  TABLE   OF  THE  RHXiTlVE  WEIGHTS  OF  THE  ULTIMATE   PARTI- 
O-ES  OP  GASEOUS  AND  OTHER   BODIES   (jOHN   DALTON,    1803)  : — 

Hydrogen i 

Azol           ........  i,-3 

Carbon 43 

Ammonia 52 

Oxygen 5-5 

Water 65 

Phosphorus 72 

Pbosphuretted  hydrogen 8'3 

Nitrous  gas         ,        .      ' 97" 

Ether 96 

Gaseous  oxide  of  carbon      .....  98 

Nitrous  oxide i3*9* 

Sulphur 144 

Nitric  acid 152 

Sulphuretted  hydrogen 154 

Carbonic  acid 153 

Alcohol 151 

Sulphureous  add i9'9 

Sulphuric  add 25-4 

Carburelied  hydrogen  from  stagnant  water  .        .  6'3 


Olefiaot  gas 


5*3 


15  of  ij'i  and  I J7  occui  1 
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A  glance  at  this  table  shows  us  that  Dalton  took  hydrogen.  ■ 
being  the  lightest  substance  known,  as  the  unit  of  comparison,  and 
he  compared  the  weights  of  the  uhimate  particles  of  all  the  other 
elements  and  compounds  with  that  of  hydrogen  taken  as  i .  Then 
he  found  that  the  atom  or  ultimate  particle  of  azot,  or  nitr(^n 
as  we  now  call  it,  was  iy2  ;  that  of  carbon  4-3,  that  of  oxygen 
5"5,  and  so  on.  A  more  careful  inspection  of  the  table,  es- 
pecially with  regard  to  the  two  gaseous  oxides  of  nitrogen  and  of 
carbon  named  in  the  list,  will  reveal  to  us  Dallon's  views 
as  to  the  constitution  of  these  substances.  Thus  opposite 
nitrous  gas — now  termed  nitric  oxide  gas— we  find  the  figures  97. 
What  do  these  signify  ?  They  mean  that  this  gas  is  made  up  of 
one  atom  of  nitrogen  (or  azot)  weighing  4'2,  and  one  atom  of 
oxygen  weighing  5-5,  and  that  the  weight  of  the  coinpouhd  atom 
(if  we  may  use  the  term)  of  nitrous  gas  weighs  9"7.  Opposite 
nitrous  oxide  we  find  placed  i3'9 ;  this  means  that  the  ultimate 
particle  of  tliis  gas  contains  two  atoms  of  azot  weighing  twice  4'*, 
and  one  atom  of  oxygen  weighing  S'5,  In  like  manner  the 
gaseous  oxide  of  carbon  has  the  number  9-8  placed  against  it, 
viz.,  4'3  +  5'5 ;  whilst  opposite  carbonic  add  we  find  153,  viz., 
43  +  ^  ^  SS- 

The  interesting  question  now  arises,  how  did  Dalton  obtain 
these  numbers  ?  Upon  what  experimental  basis  does  the  deter- 
mination of  these  first  chemical  constants  rest  ? 

In  the  second  part  of  his  New  System  of  Chemical  Philosophy, 
pubhshed  in  1810,  Dalton  points  out  under  the  description  of 
each  substance  the  experimental  evidence  upon  which  its  compo- 
sition is  based,  and  explains,  in  some  cases,  how  he  arrived  at 
the  relative  weights  of  the  ultimate  particles  in  question.  In  the 
five  previous  years,  however,  considerable  changes  had  been  made 
by  Dalion  in  the  numbers ;  the  table  found  in  the  New  System 
being  not  only  much  more  extended,  but  the  numbers  differing 
in  many  cases  altogether  from  those  found  in  the  above  table 
published  in  1805.  It  is  therefore,  unfortunately,  to  a  consider- 
able extent  now  a  matter  of  conjecture  how  Dalton  arrived  at 
the  first  set  of  numbers.  All  we  know  is  that  it  was  mainly  by  the 
consideration  of  the  composition  of  certain  simple  gaseous  com- 
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mds  of  the  elements  that  he  arrived  at  his  conclusions,  and  in 
order  that  we  may  form  some  idea  of  the  data  he  employed  we 
must  make  use  of  the  knowledge  which  chemists  at  that  time 
(1803-5)  possessed  concerning  the  composition  of  the  more 
simple  compound  gases. 

The  £rst  point  to  ascertain,  if  possible,  is  how  Dalton  arrived 
at  the  relation  between  the  atomic  weights  of  hydrogen  and  oxy- 
^;en  given  in  the  table  as  1  to  5-5  {but  altered  to  1  to  7  in  1808). 
The  composition  of  water  by  weight  had  been  ascertained  by  the 
experiments  of  Cavendish  and  Lavoisier  to  be  represented  by  the 
numbers  15  of  hydrogen  to  85  of  oxygen,  and  the  result  was 
generally  accepted  by  chemists  at  the  time,  amongst  others  doubt- 
less by  Dalton.  That  in  those  early  days  Dalton  had  actually 
repeated  or  confirmed  these  experiments  appears  improbable.  At 
any  rate  he  formed  the  opinion  that  water  was  what  he  called  a 
binary  compound,  i.e.,  that  it  is  made  up  of  one  atom  of  oxygen 
and  one  atom  of  hydrogen  combined  together.  Hence  if  he  took 
the  numbers  85  to  ij  as  giving  the  composition  of  water,  the 
relatioD  of  Hydrogen^]  to  Oxygen  would  be  as  i  to  5-6,  or 
nearly  that  which  he  adopted.  It  does  not  appear  possible  to 
explain  why  Dalton  adopted  5-5  instead  of  5'6  for  oxygen;  it 
may  perhaps  have  been  a  mistake  or  a  misprint,  as  there  are  two 
evident  mistakes  in  the  table. 

Let  us  next  endeavour  to  ascertain  how  he  obtained  the  num- 
ber 4'3  for  carbon  (altered  to  5  in  1808  and  s'4  later  on).  Lavoi- 
Ber,  in  the  autumn  of  1783,  had  ascertained  the  composition  oi 
carbonic  add  gas  by  heating  a  given  weight  of  carbon  with  oxide 
of  lead,  and  he  came  to  the  conclusion  that  the  gas  contained  18 
parts  by  weight  of  carbon  to  7a  paits  by  weight  of  oxygen.  Now 
Dalton  was  not  only  acquainted  with  the  properties  and  composi- 
tion of  carbonic  acid,  but  he  was  aware  that  Cruikshank  bad 
khown  in  1800  that  the  only  other  known  compound  of  carbon 
and  oxygen,  carbjnic  oxide  gas,  yields  its  own  bulk  of  carbonic 
add  when  mixed  with  oxygen  and  burnt ;  and  also  that  Desormes 
aoalj-sed  both  these  gases,  finding  carbonic  oxide  to  contain  44 
of  carbon  to  56  of  oxygen,  whilst  carbonic  acid  contained  to  44 
of  carbon  111  of  oxygen,  being  just  double  of  that  in  the  carbonic 
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oxide.  Dalton  adds,  "  this  most  striking  circumstance  seems  to 
have  wholly  escaped  their  notice."  Hence  Dalton  assumed  that 
one  atom  of  carbon  is  united  in  the  case  of  carbonic  oxide  with 
one  atom  of  oxygen,  whilst  carbonic  acid  possessed  the  more 
complicated  composition  and  contains  two  atoms  of  oxygen  to 
one  of  carbon.  Now  if  carbonic  acid  contains  carbon  and 
oxygen  in  the  proportion  of  i8  to  71,  carbonic  oxide  must  con- 
tain half  as  much  oxygen,  viz.,  28  of  carbon  to  36  of  oxygen,  and 
assuming  that  the  atomic  weight  of  oxygen  is  5-5  that  of  carbon 

must  be  '-    *^^-^=i,-^.     Having  thus  arrived  at  the  number  4-3 

as  the  first  atomic  weight  of  carbon,  it  is  easy  to  see  why  Dalton 
gave  6'3  as  the  atomic  weight  of  carburetted  hydrogen  from 
stagnant  water,  and  s'3  as  that  of  olefiant  gas.  The  one  repre- 
sents 1  atom  of  carbon  to  3  of  hydrogen,  the  other  i  of  carbon  to 
1  of  hydrogen,  or  olefiant  gas  contains  two  equal  quantities  of 
carbon,  only  half  as  much  hydrogen  as  marsh  gas.  This  conclu- 
sion doubtless  expressed  the  results  of  Dalton's  own  experiments 
upon  these  two  gases  which  were  made,  as  we  know  from  himself, 
in  the  year  1804.  He  proved  that  neither  of  these  gases  contains 
anything  besides  carbon  and  hydrogen,  and  ascertained — by  ex- 
ploding with  oxygen  in  a  Votta's  Eudiometer — that  if  we  reckon 
the  carbon  in  each  the  same,  then  carburetted  hydrogen  contains 
exactly  twice  as  much  hydrogen  as  olefiant  gas  does,  and  that 
"  just  half  of  the  oxygea  expended  on  its  combustion  was  applied 
to  the  hydrogen  and  the  other  half  to  the  charcoal.  This  leading 
fact  afforded  a  due  to  its  constitution."  Whereas,  in  the  case  of 
olefiant  gas,  two  parts  of  oxygen  are  spent  upon  the  charcoal  and 
one  part  upon  the  hydrogen. 

The  atomic  weight  of  nitrogen  {azote=4'2)  was  doubtless  ob- 
tained from  the  consideration  of  the  composition  of  ammonia, 
whose  atomic  weight  is  given  in  the  table  at  $2.  Ammonia  was 
discovered  in  1774  by  Priestley,  but  the  composition  was  ascer- 
tained by  Berthollet  in  1775,  by  splitting  it  into  its  constituent 
elements  by  means  of  electricity,  when  he  came  to  the  conclusion 
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nt  it  contained  o'igs  parts  by  weight  of  hydrogen  to  o'So;  parts 
jf  weight  of  nitrogen.  Dallon  assumed  that  this  substance  is  a 
mpound  of  one  atom  of  hydrogen  with  one  of  nitrogen,  and 


he  obtained  for  the  atomic  weight  of  azote 
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-1=5-1  as  the  atomic  weight  of  ammonia.  It  is  also 
rotable  thai  Dalton  made  use  of  the  composition  of  the  oxides 
of  nitrogen  for  the  purpose  of  obtaining  the  atomic  weight  of 
nitrogen.  Ifwe  take  the  numbers  obtained  partly  by  Davy  and 
partly  by  himself^  as  given  on  page  318  of  the  New  System,  as 
representing  the  composition  of  the  three  lowest  oxides,  it  appears 
that  the  mean  value  for  nitrogen  is  4'3  wh^n  oxygen  is  taken  as 
5-5.     In  all  probability  the  number  in  this  table   (42)  was  ob- 

Itained  from  an  experiment  of  Dalton's  made  at  an  earlier  date. 
■  It  is  not  possible  to  ascertain  the  exact  grounds  upon  which 
balton  gave  the  number  7-2  for  phosphorus  ;   its  juxtaposition, 
■owever,  in  the  table  to  phosphuretted  hydrogen  shows  that  it 
Ivas  [irobably  an  analysis  or  a  density  determination  of  this  gas 
jrilich  led  him  to  the  atomic  weight  7'2,  under  the  supposition 
ttut  this  gas  (like  ammonia)  consisted  of  one  atom  of  each  of  its 
components.     In  the  second  table,  published  in   1808,   Dallon 
gives  the  number  9  as  that  of  the  relative  weight  of  the  phosphorus 
xtom.  and  we  are  able  to  trace  the  origin  of  this  latter  number, 
^■^though  that  of  7-2  is  lost  to  us.     On  p.  460,  Part  11.  of  his  New 
^HifBtem,  Dallon  states  that  he  found  100  cubic  inches  of  pbos- 
^Hpuiretied  hydrogen  to  weigh  26  grains,  the  same  bulk  of  hydrogen 
^^Bftighing  2'5  grains )  hence,  assuming  that  equal  volumes  contain 
^^Bb  equal  number  of  atoms,   we   have :    —  — ^^=94  gives    the 

^^Mtomic  weight  of  phosphorus  nearly.  It  was  probably  by  similar 
reasoning  from  a  srill  more  inaccurate  experiment  than  this  one 
that  he  obtained  the  number  71. 

Sulphur,  which  stands  in  the  first  table  of  1805  at  14' 4,  was 

jpltered  in  the  list  published  in  the  New  System  to  13.      These 

mbers  were  derived  from  a  consideration  (1)  of  the  composi- 

n  of  sulphuretted  hydrogen,  which  he  regarded  as  a  compound 

Cone  atom  of  sulphur  with  one  of  hydrogen,  and  (a)  of  that  of 


^ 
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sulphurous  acid,  which  he  supposed  to  contain  one  atom  of 
sulphur  to  two  of  oxygen.  Dalton  knew  that  the  first  of  these 
compounds  contained  its  own  volume  of  hydrogen,  and  he  de- 
termined its  specific  gravity,  so  that  by  deducting  from  the  weight 
of  one  volume  of  the  gas  that  of  one  volume  of  hydrogen  he 
would  obtain  the  weight  of  the  atom  of  sulphur  compared  to 
hydrogen  as  the  unit.  The  specific  gravity  he  obtained  was  about 
1-23  (corresponding  nearly  he  says— p.  451 — to  Thenard's  number 
rjj;  hence  (as  he  believed  air  to  be  \2  times  as  heavy  as 
hydrogen)  he  would  obtain  the  atomic  weight  of  sulphur  as 
{i2  Xi-a3)—!=i3'76,  which  number,  standing  half  way  between 
144  as  given  in  the  first  table  and  13  as  given  in  the  second, 
points  out  the  origin  of  the  first  relative  weight  of  the  ultimate 
particle  of  sulphur.  So  from  sulphurous  acid  he  would  obtain  a 
similar  number,  taking  the  specific  gravity  as  obtained  by  him 
(Part  II,  380)  to  be  z'3,  and  remetnbering  that  this  gas  contains 
its  own  bulk  of  oxygen  (p.  391),  he  obtaiued  (I'j— ru)  x  12= 
14-16  for  the  atomic  weight  of  sulphur.  As  however  we  do  not 
possess  the  exact  numbers  of  his  specific  gravity  determinations, 
and  as  we  do  not  exactly  know  what  number  he  took  at  the  time 
as  representing  the  relations  between  the  densities  of  air  and 
hydrogen  (in  1803  he  says  that  the  relation  of  iio'oy;  is  not 
correct,  and  that  ^V  '^  nearer  the  truth),  it  is  impossible  to  obtain 
the  exact  numbers  for  sulphur  as  given  in  the  first  table. 

Thus  we  see  that  Dalton  arrived  at  the  conclusion  thai  chemical 
elements  can  only  combine  in  certain  proportions  or  in  multiples  of 
those  simple  proportions,  as  he  himself  informs  us  from  the  examina- 
tion in  the  year  1804  of  the  compounds  which  we  now  know  as 
carbonic  oxide  and  carbonic  acid,  and  of  marsh  gas  and  olefiant 
gas.  Thus  he  proved  that  carbonic  acid  gas  contains  exactly 
twice  as  much  oxj'gen  as  carbonic  oxide  contains,  finding  it  im- 
possible to  get  any  intermediate  compounds  containing  less  than 
double  the  quantity  of  oxygen.  Thus,  too,  marsh  gas,  or  fire 
damp,  and  olefiant  gas  both  contain  carbon  and  hydrogen,  but 
the  olefiant  gas  contains,  as  Dalton  showed,  exactly  twice  as  much 
carbon  as  marsh  gas  does ;  the  marsh  gas  bums  with  a  scarcely 
luminous  flame,   but  the  flame  of  olefiant  gas  is  much  more 
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minous,  proviog  that  it  contains  more  carbon  than  the  marsh 


P 

^^P  John  Dalton  was  not  satisfied  with  the  mere  statement  of  the 
fact  of  chemical  combination  in  multiple  proportion ;  his  mind 
was  of  an  essential!)-  mechanical  tum,  and  he  desired  to  be  able  to 
explain  these  facts.  He  wished  to  know  %uhy  this  was  so.  He 
wished  to  know  why  it  was  that  one  compound  contained  just 
twice  as  much  of  one  constituent  as  the  other  compound  did, 
and  why  we  cannot  produce  a  substance  containing  an  inter- 
mediate quantity  of  the  constituent.  Pondering  on  this  subject, 
he  arrived  at  his  atomic  theory,  which  serves  to  explain  the  facts 
of  the  law  of  "  multipU  proportions." 

DaltOD  said,  if  we  suppose  that  atoms  exist,  and  if  by  their 
contact  they  form  chemical  compounds,  and  further  supposing 
that  the  atom  of  each  elementary  body  has  a  fixed  weight  which 
differs  from  that  of  the  atom  of  any  other  element,  then  we  are 
able  to  explain  why  we  get  combinations  to  occur  only  in  this 
proportion  of  one  given  weight,  and  twice  that  weight,  or  three 
times  that  weight,  and  so  on.  It  is  of  interest  here  to  remember 
that  2  great  living  physicist,  Sir  William  Thomson,  has  calculated 
approximately  —  for  we  are  as  yet  unable  to  do  more — how 
Urge,  or  rather  how  small,  the  atoms  are ;  and  be  has  come  to 
this  conclusion— that  if  you  were  to  take  a  drop  of  water,  and 
magnify  it  up  to  a  globe  of  the  size  of  the  earth,  then  the  atomi  .■ 
contained  in  that  drop  of  water  would  not  be  so  large  as  cricket  | 
balls,  nor  so  small  as  shot  pellets.  This  may  serve  to  gi 
idea  of  the  minute  character  of  the  atoms  of  which  matter  is 
composed. 

Now  let  us  attempt  to  get  hold  of  the  idea  present  in  John 
Dalton's  mind.  He  argued  thus  :  All  the  atoms  of  nitrogen  have 
each  the  same  definite  unalterable  weight,  whilst  all  the  atoms 
of  oxygen  weigh  the  same,  but  the  weight  of  the  oxygen  atom  is 
different  from  that  of  the  nitrogen  atom.  What  happens,  he 
then  continues,  when  this  atom  of  nitrogen  combines  with  an 
atom  of  oxygen  ?  When  they  come  into  contact  and  clash 
togeiber  a  chemical  compound  is  formed,  a  substance  differing 
altogether  both   from  nitrogen  and  from  oxygen — a  ■substance 
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having  peculiar  propeities  of  its  own — a  distinct  chemical  com- 
pound. Now,  he  continues,  if  any  chemical  action  takes  place 
between  oxygen  and  nitrogen,  the  least  quantity  of  each  which 
can  combine  is  one  atom,  because  the  atom  is  indivisible,  and,  if 
more  nitrogen  is  capable  of  entering  into  combination  with  the 
substance  already  formed,  to  produce  a  second  new  substance,  the 
smallest  quantity  of  nitrogen  which  can  do  this  is  again  one  atom ; 
so  that,  of  the  two  compounds,  one  consists  of  one  atom  of 
oxygen  and  one  atom  of  nitrogen,  and  the  other  of  one  atom  of 
oxreen  and  two  atoms  of  nitrogen. 


1 


Thus :     |N| 

And     1^  |N, 


|0[     =     jNO; 
|0|     =    |NN01 


We  may  build  up  these  compounds  with  our  cubes  :  here  is  the 
one,  and  here  is  the  other.  It  is  now  clear  why  we  can  produce 
no  compounds  intermediate  between  these  two— we  cannot  divide 
the  atom  of  nitrogen.  It  is  an  indivisible  particle,  and  is,  there- 
fore, the  smallest  portion  of  nitrogen  capable  of  entering  into 
combination. 

Thus,  then,  Daiton  built  up  his  atomic  theory  ;  which  differed 
essentially  from  the  atomic  theories  of  his  predecessors,  inasmuch 
as  he  for  the  first  time  introduced  the  idea  of  weight,  assuming 
that  the  atoms  of  the  different  elements  possess  different  weights. 
In  order  to  make  this  theory  more  manifest,  Daiton  was  in  the  habit 
of  drawing  his  atoms,  for  he  had  a  strictly  mechanical  turn  of  mind. 
Here  you  see  the  mode  in  which  Daiton  pictured  or  symbolised 
his  atoms.  Tliis  is  a  drawing  of  Dalton's  atoms,  expressed  by 
symbols  :  hydrogen  (No.  i)  is  represented  by  a  circle  with  a  dot 
in  the  middle,  oxygen  (No.  4)  by  a  simple  circle,  carbon  by  a 
shaded  circle  (No.  3),  nitrogen  by  one  divided  in  half,  and  the 
other  elements  were  expressed  by  circles  with  a  liile  or  a  cross 
drawn  through  or  upon  them.  Compounds  are  represented  by  the 
juxtaposition  of  the  component  elements  : — thus,  %  t  represents 
water,  26  nitrous  oxide,  31  sulphuric  acid,  and  37  sugar. 

This  will  give  you  an  idea  of  the  matter-of-fact  as  well  as 
speculative  character  of  Dalton's  mind,  and  how  he  made  clear  to 
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himself  and  to  the  world  the  new  notion  of  the  existence  of  these 
elementary  atoms,  each  one  having  a  given  uoalterable  weight  by 
which  the  element  was  characterised. 

As  might  be  expected,  from  seeing  the  rough  weights  made  with 
his  own  hands,  the  rough  balances,  and  his  inexactly  graduated 
measures  which  are  exhibited,  Dalton's  numerical  results  did  not 
stand  the  test  of  time  ;  indeed,  he  subseciuently  conecied  his 
numbers  himself,  and  in  many  cases  expressed  a  doubt  as  to 
their  accuracy.  Many  of  his  numerical  results  have  had  to  be 
re-modelled,  but,  although  his  details  have  thus  had  to  be  changed, 
the  principles  on  which  Dalton  founded  his  theory  itself  remain 
firmly  fixed;  every  subseiiuent  discovery  and  every  subsequent 
investigation  having  only  served  to  confirm  and  corroborate  the 
truth  of  his  conclusions  and  the  value  of  his  labours. 

To  Dalton,  then,  may  fairly  be  ascribed  a  position  second  in 
the  ranks  of  chemists ;  second  only  to  that  of  Lavoisier.  It  was 
he  who  first  gave  precision  to  our  science,  inasmuch  as  before  his 
time  the  calculation  of  chemical  quantities  had  been  an  impos- 
sibility, and  the  atomic  theory  remains  the  key-stone  of  the  arch 
upon  which  the  science  of  chemistry  rests. 

The  lesson  which  I  should  wish  to  impress  upon  your  minds 
whilst  you  look  at  these  simple  remains  of  departed  greatness 
placed,  as  they  are,  amongst  the  complicated  and  beautiful  ex- 
amples of  modem  scientific  apparatus,  is  this :  that,  aiier  all,  the 
greatest  results  of  science  have  been  obtained,  and  perhaps  may 
even  yet  be  obtained,  by  simple  means.  That  without  Dalton's 
persevering  devotion,  the  best  and  most  costly  ajlpaiatus  is  use- 
less, whilst  earnestness  and  determination  may  accomplish  much 
with  tools  even  as  nide  as  those  employed  by  the  great  Manches- 
ter chemist. 

The  Chairman  conveyed  the  best  thanks  of  the 
Professor  Roscoc  for  his  Address. 
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By  Frederick  Guthrie. 

Saturday,  Junt  loth. 


The  Chair  was  taken  at  S  o'clock  by  Macleod  of  Madeod. 

The  Chairman  ;  I^st  Saturday  ivas  the  first  of  these  addresses, 
and  I  then  intimated  to  you  that  the  Lords  of  the  Committee  of 
Council  OD  Education  had  been  very  glad  indeed  to  avail  them- 
selves of  the  kindness  of  gentlemen  of  scientific  pursuits  to  give 
addresses  to  you  on  the  subject  of  the  instruments  which  are  col- 
lected in  this  Exhibition.  For  the  second  of  these  lectures  I  have 
the  pleasure  of  introducing  to  you  Professor  Guthrie,  who  will 
address  you  on  the  subject  of  the  Production  of  Cold. 

Frederick  GtrrMRiE :  Mr.;Chairman,  Ladies  and  Gentlemen, — It 
behoves  a  scientific  man,  beyond  all  others,  perhaps,  to  be  precise 
in  his  language,  and  this  precision  is  never  more  necessary  than 
wbea  one  is  talking  about  heat  and  cold.  For  instance,  if  I  say 
thu  a  body  gets  hot  as  it  gets  cold,  of  course  1  speak  a  palpable 
ontruth  ;  but  if  I  say  a  body  gets  heal  as  it  gets  cold,  I  not  only 
speak  a  truth,  but  I  speak  the  one  which  1  wish  to  develope  this 
evening. 

In  starting,  I  can  do  no  better  than  refer  at  once  lo  this  little 
ro,  which  furnishes  the  key  to  all  I  have  to  say. 
(Source  of  cold). 
Heat  absorbed. 


Solid.     Liquid.     Gas. 

Heat  liberated. 
(Source  of  heat). 
[  refer  to  the  three  forms  of  matter,  as  they  are  called,  solid. 
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liquid,  and  gaseous ;  and  here  I  make  no  distincdoo  whatever 
between  a  gas  and. a  vapour.  Accordingly,  if  we  have  one  and 
the  same  body,  such  as  ice,  and  melt  that,  it  becomes  water ;  boil 
the  water,  it  becomes  steam.  One  and  the  same  chemical  sub- 
stance assumes  these  three  forms.  For  the  melting  of  ice  you  have 
to  put  heat  into  the  ice,  for  the  boiling  of  water  you  have  to  put 
heal  into  the  water ;  in  other  words,  the  solid  absorbs  heat  in 
order  to  become  a  liquid,  and  the  liquid  absorbs  heat  in  order 
to  become  a  gas  or  vapour.  And  when  the  solid  is  absorbing 
heat,  it  gets  thai  heat  from  whatever  it  can,  and  it  thus  be- 
comes a  source  of  cold  ;  when  a  liquid  passes  into  the  state  of 
a  vapour  it  requires  heat  to  do  so,  and  it  thus  becomes  a  source 
of  cold.  And  here,  again,  let  me  return  to  the  ambiguity  of 
language ;  just  as  an  avaricious  man  may  be  a  source  of  poverty 
to  his  neighbour,  seeking  and  grasping  money,  so  a  body  seeking 
and  grasping  heat  is  a  source  of  cold  to  neighbouring  bodies. 
The  very  fact  that  a  body  is  getting  heat  shows  that  other  bodies, 
from  which  it  gets  that  heat,  are  losing  heat.  Again,  in 
order  to  convert  a  gas  into  a  liquid  you  must  deprive  it  of  heat. 
You  Like  the  heat  out  of  steam  in  order  to  condense  it.  In  order 
to  convert  a  liquid  into  a  solid  you  must  take  the  heat  out  of  the 
liquid,  or  if  by  any  means  the  gas  becomes  a  liquid,  then  it  gives 
up  heat ;  it  no  longer  requires  so  much  heat,  and  the  difference 
it  gives  up.  It  becomes,  therefore,  a  source  of  heat  in  the  act 
of  giving  that  heat  up.  So  when  a  liquid  becomes  a  solid,  in  the 
act  ot  solidification  it  gives  up  heat ;  in  giving  this  heal  up  it  be- 
comes a  source  of  heat. 

We  may,  therefore,  in  contemplating  this  diagram,  regard  it 
from  two  points  of  view.  We  may  look  upon  ourselves  as  the  active 
agent  who  puts  heat  into  the  solid,  converting  it  into  a  liquid ;  or 
into  the  liquid,  converting  it  into  a  gas ;  taking  heat  out  of  the  gas 
and  converting  it  into  a  liquid,  or  taking  heat  out  of  the  liquid 
and  converting  it  into  a  sohd.  Or  we  may  look  upon  ourselves 
as  the  observers,  and  note  how  tlie  heat  is  concerned  when  these 
changes  take  place  by  any  other  means.  The  chapter  of  this 
long  book  of  heat,  which  I  wish  to  discuss  this  evening,  is  the 
Source  of  Cold.    That  is,  when  either  a  solid  passes  into  the 


■Hcmid  state  c 


COLD. 


fiquid  state  or  when  a  liquid  passes  into  the  gaseous  stale,  not  by 
the  addition  of  heat  effected  by  ourselves,  but  by  some  property 
of  the  bodies  whereby  they  pass  without  other  agency  from  the 
one  state  to  the  other.  I  wiU,  first  of  all,  consider  this  passage 
of  the  liquid  to  the  gaseous  state.  Heat  is  absorbed,  and  is,  there- 
fore, abstracted  from  any  body  which  is  in  contact  with  the  body 
so  passing  from  the  liquid  to  the  gaseous  state,  and  the  first  body 
is  thereby  cooled.  The  examples  of  this  kind  of  source  of  cold 
;tec  exceedingly  familiar.  You  blow  on  your  hand  to  cool  it ;  if 
'jrour  hand  were  as  dry  as  parchment,  so  far  from  cooling  your 
band  by  blowing  on  it,  you  would  actually  heat  it.  But  moisture 
evaporating  carries  off  heat.  You  all  of  you  know  that  the  passage 
of  a  liquid  into  the  gaseous  state  is  governed  by  two  main  things. 
One  of  these  is  the  temperature  and  the  other  is  the  pressure. 
The  pressure  remaining  the  same,  the  liquid  passes  more  freely 
into  the  gaseous  state  when  the  temperature  is  increased  ;  and  the 
temperature  remaining  the  same,  the  liquid  passes  more  freely  into 
the  gaseous  state  when  the  pressure  is  diminished.  Now,  there  are 
various  ways  of  diminishing  the  pressure  which  is  being  exercised 
upon  the  surface  of  a  liquid.  I  will  take  the  familiar  example  of 
a  little  porous  cup,  a  Hltle  unglazed  earthenware  cup,  containing 
water.  The  water  penetrates  into  the  pores  of  the  cup,  and  pre- 
sents therefore  a  great  surface  for  evaporation ;  but  the  water  is 
now  being  restrained  by  the  pressure  of  the  air.  If  that  pressure 
be  removed  and  kept  withdrawn,  the  evaporation  takes  place  so 
rapidly  that  the  liquid  passes  into  the  gaseous  state ;  to  do  so  it 
Kquir«s  heat,  and  that  heat  it  gels  from  the  water  which  remains 
"  ind,  which  presently  freezes.  In  order  that  the  evaporation  of 
WSter  which  otherwise  would  fill  the  glass  receiver  may  be 
teiDOvcd,  some  hquid  very  eager  for  water,  such  as  oil  of  vitriol, 
is  poured  round  the  evaporating  water,  so  that  the  vapour  of  the 
vater  as  it  rises  out  of  the  porous  cup  is  at-  once  laid  bold  of  and 
nsnoved.  The  diminished  pressure  is  maintained,  the  evapora- 
lakes  place  continuously,  there  is  a  continuous  passage  from 
liquid  to  the  gaseous  state,  heal  is  therefore  continuously 
Inquired  for  that  passage,  and  it  becomes  a  source  of  cold  and 
freezes  the  water. 


\_    gequir 
■ttewi 

*  tODOl 

is  pc 

vate 


Here  is  a  similar  expenment  which  is  just  commencing.  But 
instead  of  withdrawing  the  air  by  means  of  the  air-pump, 
the  vessel  before  us  has  been  cleared  of  air  by  boiling  water. 
The  apparatus  consists  of  two  glass  bulbs  joined  together  by  a 
glass  tube.  Then  the  air  being  all  out,  the  water  is  shaken 
to  one  end ;  there  is  nothing  here  but  water  and  vapour  of  water. 
The  vapwur  of  water  at  the  ordinary  temperature  is  restraining 
the  water  from  fiirther  evaporation  ;  but  if  that  vapour  of  water  is 
removed  by  solidifying  it,  and  this  can  be  done  by  surrounding  it 
with  a  source  of  cold  or  freezing  mixture,  then  evaporation  takes 
place  ;  in  order  that  the  water  should  pass  into  the  vaporous  state 
heat  is  required.  The  heat  is  obtained  from  the  water  itself,  and 
the  water  is  beginning  to  freeze. 

You  have  a  more  perfect  example  of  the  same  in  this  air- 
pump  of  M.  Carre.  This  is  precisely  the  same  system 
as  the  ordinary  air-pump ;  the  water  in  this  flask  has  to 
be  frozen.  The  flask  is  altachetl  by  a  little  india-rubber 
stopper  to  the  air-pump.  By  the  air-pump  the  air  is  withdrawn, 
and  the  water  begins  to  boil  because  the  pressure  is  diminished. 
But  what  becomes  of  the  vapour  of  the  water  ?  It  is  absorbed  at  ■ 
once  by  the  oil  of  vitriol  contained  in  this  horizontal  black  tube  ; 
and  this  pump  is  so  perfect  that  in  about  three  minutes  the  water 
begins  to  freeze,  and  in  a  few  more  minutes  the  whole  will  be 
converted  into  ice.  There  you  have  the  heat,  which  is  necessary 
for  the  melting  of  ice,  withdrawn  from  the  water,  and  the  ice  is 
formed.  The  vapour  of  the  water  as  it  rises  is  absorbed  by  the 
Bulphuric  acid,  so  that  the  vacuum  is  maintained  even  better  than 
in  the  ordinary  air-pump. 

That  is  an  example  of  the  passage  of  a  liquid  into  the  gaseous 
state  demanding  and  obtaining  heat,  or  depriving  its  neighbours 
of  heat  and  freezing  water.  You  see  already  the  water  is 
beginning  to  boil,  but  its  temperature  is  far  below  what  it  was 
before,  because  the  heat  is  now  going  out  of  the  water  into  the 
steam.  The  vapour  of  the  water  therefore  obtains  heat  in  the 
act  of  becoming  vapour,  and  that  heat  it  gets  from  the  residual 
water.  In  a  few  minutes  therefore  a  sheet  of  ice  begins  to  form, 
and  then  the  heat  penetrates  through  because  the  evaporation 
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goes  on  &om  the  ice  ;  I  will  not  say  as 
waiei,  but  still  continuously. 

Then  you  will  see  that  this  diagram  may  be  a  little  continued 
to  the  right ;  that  is,  not  only  in  the  passage  of  the  solid  to 
the  liquid  stale,  not  only  in  the  passage  of  the  liquid  to  the 
gaseous  stale  is  heat  required,  but  also  for  the  expansion  of  a 
gas.  You  take  a  certain  quantity  of  air,  and  you  require  to  put 
heal  into  it  in  order  to  make  it  bigger.  Supposing  you  take  a 
quantity  of  air  at  a  certain  temperature  but  compressed  more 
strongly  than  air  ordinarily  is,  and  you  allow  that  to  expand  ;  in 
expanding  it  pushes  away  the  air  which  is  pressing  on  the  orifice 
which  you  open  :  it  acquires  a  greater  volume  in  expanding,  of 
course,  and  in  order  to  get  that  greater  volume  it  requires 
heat,  and  that  heat  it  gets  from  surrounding  bodies.  Here  is 
one  experiment  I  will  endeavour  to  show  you.  I  have  here 
sotoe  air  condensed  in  this  bottle ;  it  has  been  allowed  to 
get  cool,  because  io  the  act  of  condensation  heat  is  set  free ;  then 
I  will  allow  it  to  expand  and  play  upon  the  surface  of  this 
thermopile.  1  neeil  not  here  explain  that  instrument,  but  will 
only  show  you  the  effect  which  I  wish  lo  produce.  You  will  see 
either  directly  or  by  reflection  in  the  mirrors  the  image  of  a 
magnetic  needle  around  which  a  wire  is  coiled,  the  etids  of  the 
wires  being  connected  with  the  thermopile.  \Vhat  1  want  you  to 
notice  is  that  when  I  bring  my  hand,  or  anything  warm,  near  the 
face  of  "he  thermopile  the  needle  turns  in  one  direction.  Never 
mind  the  cause  of  that,  which  it  would  take  too  long  to  explain, 
but  you  see  the  effect.  Now  I  wish  to  show  you  that  when  this 
compressed  air  blows  upon  the  thermopile,  the  needle  turns  in 
the  other  direction.  Whatever  therefore  my  hand  gave,  the 
<x>mpTcssed  air  in  expanding  gave  the  opposite.  My  hand,  of 
course,  gave  heat,  and  the  air  in  expanding  absorbed  heat,  and 
produced  cold.  That  is  another  method  for  artificially  producing 
cold.  You  can  pump  air  into  a  boiler;  in  doing  so  the  air 
becomes  hot ;  let  that  heat  radiate  into  space,  so  that  you  start 
with  a  mass  of  cold  compressed  air  ;  let  thatair  expand,  and  since 
Ibr  that  expansion  heat  is  required,  it  is  obtained  from  the 
nuTouDding  bodies,  and  you  have  a  source  of  cold. 
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Then,  again,  when  a  liquid  passes  into  the  gaseous  state 
heat  is  required,  and  heat  must  be  obtained,  and  the  most 
familiar  example  you  can  possibly  have  is  this  ordinary  air 
thermometer.  A  certain  volume  of  air  is  enclosed  in  a  glass 
bulb,  with  a  glass  stem  which  dips  into  a  liquid.  Here  is  some 
ether  which  if  tested  by  a  thermometer  is  exactly  the  same 
temperature  as  the  air,  but  which,  if  freely  exposed  in  a  large 
surface  to  the  air,  by  its  own  power  of  diffusion  passes  from  the 
liquid  into  the  vaporous  state.  In  so  doing,  it  demands  heat, 
and  gels  it  from  its  nearest  neighbours  ;  it  gets  it  from  the  glass, 
the  glass  cools  the  air  within,  which  causes  a  diminution  of 
volume,  and  allows  the  atmosphere  pressing  through  the  cork  of 
the  vessel  containing  the  coloured  liquid  to  overcome  the  diminished 
spring  of  the  imprisoned  air  aud  to  push  the  liquid  up  the  tube. 
Examples  of  this  kind  are  innumerable.  I  may  call  your  atten- 
tion now  to  this  flask  connected  to  the  air-pump,  which  is 
already  half  frozen,  and  here  also  the  httle  porous  cup  is  full 
not  of  water,  but  of  ice. 

To  resume  the  thread  of  my  argument,  there  is  an  example  of 
the  application  of  such  a  phenomenon  as  this,  the  evaporation  of 
theetherasasourceofcold,  in  the  Exhibition.  A  very  remarkable 
development  of  the  method  has  been  made  by  M,  Pictet,  of 
Geneva ;  it  is  the  same  method  which  has  been  applied  by  Mr. 
Gamgee  to  the  artificial  ice  rink  at  Chelsea,  Here,  instead  of 
using  ether,  he  uses  a  liquid  still  more  volatile  ;  sulphurous  acid, 
which  can  only  exist  at  our  ordinary  temperatures  in  the  liquid 
state  under  great  pressure.  To  maintain  this  as  a  liquid,  it 
must  be  restrained  either  mechanically  from  evaporating,  or  it 
must  be  kept  very  cold.  About  the  advantages  or  disadvantages. 
of  this  plan,  of  course  it  is  not  my  function  to  speak,  but  the 
effect  is  very  striking,  and  you  will  see  in  the  Exhibition  large 
slabs  of  ice  formed  by  the  evaporation  of  this  volatile  liquid.  I 
need  not  say  that  such  a  liquid  as  ether  or  as  sulphurous  add 
which  M.  Pictet  uses,  is  rather  expensive,  and  of  course  it  would 
not  do  to  apply  them  as  in  my  experiment  ;  the  vapour  must  be 
condensed  again  into  the  liquid  state,  and  that  can  be  done.  The 
plan  adopted  by  M.  Pictet  is   to  withdraw   the  atmospheric 
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ressure  from  the  surface  of  the  liquid,  passing  it  as  a  coli 
vapour  through  a  worm  surrounded  by  a  liquid  which  is  not  easily 
frozen  |,dilute  glycerine),  and  then  by  means  of  a  pump  compressing 
thai  vajiour  again  until  it  becomes  liquid  and  restoring  it  to  its  ori- 
ginal place,  so  that  by  a  sort  of  double  action,  pressure  is  removed 
on  one  side  and  increased  on  the  other.  The  vapour  of  the  liquid 
as  it  is  withdrawn  grasps  the  heat  from  the  surrounding  bodies  and 
cools  them ;  as  it  is  compressed  again,  it  has  to  give  out  that 
heat  certainly,  but  that  can  be  allowed  to  radiate  freely,  and  the 
quantity  of  heat  absorbed  from  the  surrounding  bodies  is  measured 
by  the  working  of  the  air-pump.  The  water  to  be  frozen  is  in 
metal  cases  in  the  glycerine. 

In  the  second  place,  I  will  return  to  the  older  sources  of  cold, 
which  are  called  freezing  mixtures,  caused  by  the  passage  from 
the  solid  to  the  liquid  state.  It  is  familiar  to  you  all  that  when 
you  scatter  salt  on  snow  in  front  of  your  doors,  you  have  a 
liquefaction,  but  we  all  know  diat  that  liquefaction  is  not  a 
fusion  in  the  same  sense  that  lead  is  melted  by  putting  heat 
into  it.  You  know  that  the  semi-molten  mass  of  ice  and  salt 
is  colder  than  snow  itself,  and  of  course  colder  than  salt.  You 
have  here  an  instance  of  two  solids,  by  some  force  or  other, 
forming  one  liquid,  brine.  Here  you  have  the  degeneration 
of  two  solids  into  liquid,  and  when  a  solid  passes  into  the  liquid 
eondition,  and  in  this  case  when  two  solids  become  one  liquid, 
required  ;  that  heal  is  got  from  the  neighbouring  bodies, 
i  you  have  a  freezing  mixture. 
\  Now,  ihe  proper  explanation  of  freezing  mktures  has  been 
the  least  very  obscure.  I  believe  some  light  has 
I  thrown  upon  it  by  recent  experiments,  and  I  can  best 
Kroducc  the  true  explanation  of  the  process  which  goes  on 
1  a  freezing  mixture  by  starting  with  this  fact,  that  whenever 
t  lalt  is  soluble  in  water  at  o°C.,  that  is,  at  the  freezing  point 
|t water,  it  is  also  soluble  at  some  degree,  or  fraction  of  a  degree 
In  fact,  if  you  take  a  solution  of  any  salt  whatever 
llnd  cool  it,  you  can  always  cool  ii  to  o°,  and  you  can  always 
<6ol  it  lower  than  o°  without  soHdifying  either  all  the  salt  or 
aD  the  water.    That  is  the  fundamental  fact  upon  which  some 
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(bet   facts  depend.    To  understand  the  rationale  of  a  freez- 

re,  I  refer  to  this  graphic  figure,  copies  of  which  I  have 

d  in  your  hands.     (Fig.  A.)     Some  of  you  may  not  be  suffi- 

'  acquainted  with   the   symbols  that  are  used  here,  so  1 

[plain  them.      Supposing   you    take  distilled  water ;    that 

IS   no  per   cent,  of  any  salt,   it  freezes  at  o°C,      The 

dotted    line    running  horizontally   across    the    diagram 

ints  o";  the  heights  above  and  the  depths  below  repre- 

it  degrees  of  temperature  above  and  below,  whilst  the  degrees 

the  right  represent  the  percentage  of  sail  in  the  salt  solution. 

B  common  salt,  ot  chloride  of  sodium.     If  you  start  with 

I  water,  that  solidifies  at  o*.    If  you  take  a  lo,  per  cent. 

1  of  common  salt,  that  is.  lo  ounces  of  common  salt,  in 

I  of  water,  you  will  find  that  the  solidification  begins 

—J* ;  the  solid  so  formed  is  pure  ice,  and  the  stronger  the 

!  is  with  which  you  work,  the  lower  is  the  temperature  at 

I  t&e  ice  begins  to  separate  out,  and  so  on  until  you  come 

I  a  catain  strength,  which  is  about  23  per  cent,  of  salt.     Then 

■  longer  docs  the  ice  separate  out  as  such,  but  in  combination  with 

I  tlw  salt  which  is  there.     If  you  lake  the  same  solution,  a  very 

1  SOlatiOD,  say  10  per  cent.,  from  which  ice  separates  out  at 

',  tet  it  separate  out  and  go  on  cooling  it :    more  and  more 

1i  separate  out,  the  brine  will  get  stronger  and  stronger, 

t  reaches  this  strength  of  23  per  cent.,  and  then  it  stops 

mil  solidifies  as  a  whole.     Its  composition  remains 

,  its  temperature  remains  constant,  it  solidifies  just  as 

ts  a  whole  as  ice  itself  does.     If  you  take  sal-ammoniac,  and 

,  weak  solution   of  that,  and   strengthen  it  by  the 

[  of  ice  until  you  reach  a  certain  strength,  not  so  strong 

;  case  of  common  salt,  only  about  20  per  cent.,  then  at 

:  lemperature,  which  is  not  so  low  as  before,  about  — 16° 

1  of — 22",  you  get  the  solidification  at  a  constant  tempe- 

p  and  a  body  which  solidifies  in  a  constant  composition, 

1  is  hydrochloric  acid,  and  these  are  the  percentages, 

e  BOt  succeeded  yet  in  getting  a  solid  compound  of  hydro- 

;  acid  with  water.     So  with  these  other  salts.     By  with- 

[  the  ice  you  at  last  reach  a  certain  strength,  where  the 
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ice  and  the  sail  solidifies  together  in  a  definite  ratio  and  at  a 
definite  temperature.  These  bodies  can  only  exist  in  a  solid 
fonn  below  o'C,  and  therefore  it  has  been  proposed  to  call 
them  cryohyd rates,  or  frost  hydrates.  You  get  the  same  thing 
if  you  start  from  a  strong  solution.  Here  for  instance  is  nitrate 
of  silver.  You  take  a  weak  solution,  by  remo\-ing  the  ice ;  you 
gradually  strengthen  that,  until  you  get  the  cryohydrate  of  the 
nitrate  of  silver  which  solidifies  at  about  — 8°,  and  has  a  strength 
of  about  48  per  cent. 

But  now  supposing  that  instead  of  starting  with  a  weak 
solution,  you  start  with  a  solution  which  is  saturated  at  0°. 
Supposing  you  saturate  water  at  0°  with  lunar  caustic  01 
nitrate  of  silver,  and  then  cool  the  solution.  A  saturated  solution 
of  nitrate  of  silver  contains  55  per  cent.  If  you  cool  that,  the 
body  which  separates  out  is  not  ice,  but  it  is  the  anhydrous 
nitrate  of  silver.  You,  therefore,  in  cooling  the  solution  start- 
ing at  0°  irapovcri.sh  the  solution  by  the  withdrawal  of  the  salt' 
itself,  until  you  reach  inevitably  the  same  ratio,  the  composition 
of  the  chryohydrate,  whereupon  the  solidification  ensues  at 
the  temperature  pecuhar  to  that  salt,  and  of  that  constant 
hydration.  Table  B.  shows  several  salts,  beginning  with 
bromide  of  sodiimi,  a  body  very  much  like  common  salt  ;  here  is 
sal-ammoniac,  saltpetre,  corrosive  sublimate,  alum,  and  others  ; 
all  have  been  examined  in  the  same  way,  and  you  find  that 
each  of  these  salts  contains  the  percentage  shown  on  the  table, 
when  it  solidifies  with  water  as  a  chryohydrate. 

The  existence  of  these  cryohydrates  has  thrown  considerable 
light  on  the  action  of  freezing  mixtures.  How  is  it  that  if  you 
mis  saltpeter  with  snow  you  get  a  freezing  mixture,  but  if  you 
mi*;  common  salt  with  snow  you  have  a  much  more  powerful 
freezing  mixture?  Whence  this  difference?  It  arises  in  this 
way.  Supposing  you  take  a  mixlure  of  saltpeter  and  snow, 
under  the  most  fiivourable  circumstances  you  can  only  get  a 
depression  of  the  temperature  to  3"'-  How  is  that  ?  because 
when  you  mix  the  saltpeter  with  the  snow,  you  of  course  get  the 
solution  of  the  saltpeter  in  the  water.  If  that  temperature 
sinks  below  3°,  then  you  will  get  the  solid  cryohydrate  of  salt- 
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Table  B. — Showing  (i)  the  chemical  formula  of  the  salt,  (2)  the 
lowest  temperature  to  be  got  by  mixing  the  salt! with  ice,  (3) 
temperature  of  solidification  of  the  cryohydrate,  (4)  molecular 
ratio  between  anhydrous  salt  and  water  of  its  cryohydrate 
(water-worth  or  aquavalent),  (5)  percentage  of  anhydrous  salt 
in  portion  of  cryohydrate  last  to  solidify. 

Table  B. 


(1) 


Formula  of  salt. 


NaBr  

NH4I 

Nal     

Kl 

NtCl 

NH4«S04    

NH^Br 

NH4NOJ 

NaNOj  

NH4CI 

KBr    

KCI    

K.  CrO^ 

BaClj+zHjO 

AgNO, 

Sr.NO,.. 


MgSO,+7Hj  O. 
ZnSO^+rHjO  . 

KNO,    ..  

Na,CO, 

CUSO4+5H,  O. 
FcSO^+yH-  O  . 
K5SO4 


K,Cr,07 


BaiNO,. 

Na,S04  +ioH,0    

KCIO,    

AI3NH4  aS04-|-i2HjO 

HgCL 


(2) 


Tempera- 
ture of 
cryogen. 


o 

-28 
-27 

—22 
—22 
~i8 

->7*5 
-17 

-17 
-16-5 

-16 

-13 
— 10  < 

-.I0'2 

-  7*i 

-  6-5 

-  6 

-  5-3 

-  5 

-  3 

—  2*2 

—  2 

-  1*7 

-  »*5 

-  1 

-  09 

-  0-7 

-  0-7 

-  0*4 

—  0*2 


(3) 


Temperature 
of  solidifica- 
tion of 


(4) 


Molecular 

ratio  or 

water-worth 


cryohydrate.  or  aquavalent. 


o 

24. 

•27-5 

30 

-22 

■22 

•17 

17 

17 
17-2 

17*5 

»5 

■13 
-11-4 

•  12 
.  8 

•  6-5 
.  6 

•  5 

•  7 

.  r^ 

,  2 
'  2 

.    2*2 

.  r2 

•  I 

.  08 

•  0*7 

•  o'5 

•  0*2 

•  0*2 


8-1 
6-4 
8-6 

8-5 
10*5 

22*9 
10*2 

iri 
5*72 
813 

13*4 

'3*94 
i6-6i 

18*8 

37-8 

10*09 

33*5 

20*0 

44*6 

9^75 

43*7 

41-41 

114*2 
292*0 
259*0 
i6<*6 
222*0 
261*4 

450*3 


(5) 


Percentage 
of  anhydrous 

salt  in  last 

cr>*ohydrate 

M.L. 


4>*33 

55-49 
49*2 

5i*07 
23*60 

27-57 
41*70 

32*12 

43*71 
40*80 

19*27 

20*03 
36-27 

23*2 
48*38 

25'99 
21*86 

30'84 
11*20 

5*97 
16*89 

16*92 

7'8o 

5"30 

5*30 

4*55 

i*93 

4*7 

3'-4 
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peter  separating  out.  That  governs  the  minimum  temperature 
attainable  ;  and  hence  it  is  that  if  we  mix  any  salt  with  ice  or  snow, 
we  find  there  is  partial  liquefaction.  If  we  examine  the  composi- 
tion of  the  liquid  portion,  we  find  it  invariably  to  have  the  com- 
position of  these  ayohydrates.  If  the  temperature  sinks  below 
that,  the  cryohydrace  solidifies,  the  solidification  gives  out  heat, 
and  stops  the  sinking  of  the  temperature.  Therefore  no  freezing 
mixture  can  give  a  lower  temperature  than  the  temperature  at 
which  the  cryohydrate  of  the  corresponding  salt  solidifies. 

Having  spoken  of  these  bodies,  there  are  one  or  two  1 
should  tike  to  show  you.  First  of  all,  it  is  clear  that  by  means 
of  a  freezing  mixture  of  ice  and  salt  one  can  never  obtain  the 
cryohydrate  of  salt  itself ;  the  temperature  obtained  by  salt  and 
ice  in  a  freezing  miKlure  is  just  insufficient  to  solidify  the  cry- 
ohydrate, but  the  temperature  obtainable  by  common  salt, — 21°, 
is  abundantly  sufficient  to  solidify  the  cryohydrate  of  sal-am- 
moniac, and  accordingly  you  have  here  a  freezing  mixture  of 
common  salt  and  ice,  and  on  putting  into  it  a  tube  with  a  solution 
of  sal-ammoniac  you  see  beautiful  crystals  of  this  compound  of 
water  and  that  salt.  Here  is  the  solution  of  common  salt  which 
is  in  the  right  proportion  to  solidify  as  a  whole,  but  the  temperature 
i.s  just  insufficient.  To  get  solidification,  therefore,  I  must  employ 
some  more  powerful  freezing  mixture,  and  the  one  I  will  employ 
will  illustrate  very  fairly  the  first  diagram.  I  have  here  some  liquid 
carbonic  acid,  which,  like  the  sulphurous  acid  of  M.  Pictct's 
freezing  machine  must  be  repressed  in  order  to  maintain  it- 
self at  this  temperature  in  the  liquid  form,  and  it  is.  therefore, 
contained  in  a  strong  wrought-iron  bottle.  On  removing  the 
pressure  something  will  happen,  something  similar  to  that  which 
happened  under  the  bell  jar  of  the  air-pump  ;  that  is,  when  the 
pressure  is  removed  the  liquid  will  pass  into  the  gaseous  state ; 
and  just  as  that  passage  of  the  liquid  into  the  gaseous  state 
solidified  the  residue  of  the  water  and  froze  it,  so  here  the  pas- 
sage of  the  liquid  into  the  gaseous  state  solidifies  the  residue  of 
ilie  liquid,  and  one  gets  solid  carbonic  acid.  In  order  to  avail 
oneself  of  its  extreme  power  of  withdrawing  heat  from  bodies, 
one  must  make  it  touch  those  bodies,  and  that  is  done  by  mixing 
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n-freezable  liquJcT  namely,  ether.     Here  is  the  solid 

Itrbonic  acid.    1  will  mix  this  snow-like  carbonic  acid  with  ether 

dmake  a  sort  of  paste,  which  merely  serves  to  bring  it  into  close 

Btact  with  the  tube  containing  the  ice  and  common  salt.   You  see 

mediately  the  temperature  lowered  below  that  proper  to  this 

ang  mixture,  and  you  get  the  solid  compound  of  ice  and 

mmon  salt  formed.    The  temperature  is — is".    The  temperature 

in  fact  obtainable  by  this  freezing  mixture   is  that  adopted  by 

Fahrenheit  as  the  zero  of  his  thermometer  scale,  or  nearly  so, 

and  it  is  as  constant  as  that  of  melting  ice  itself.     In  this  Table 

B.  there  is  a  list  of  salts  which  have  been  tested  in  this  way,  and 

opposite  them  are  the  temperatures  obtainable  when   they  are 

mixed  with  ice  or    snow,  while  the  second    colnran   gives   the 

^temperature  at   which   the   cryohydrate    of  the   respective   salts 

nlidi&es.     You  will  see  at  a  glance  that  these  numbers  are, 

thin  experimental  error,  identical  with  those  in  the  first  column  ; 

rovbg,  I  believe,  as   conclusively  as   any  physical  fact  can  be 

J  proved  that  the  temperature  of  solidification  of  these  cryohydrates 

pis   the  real    circumstance  which   conditions    the  temperature  of 

g  inixtures. 

You   will    see    now   thai    in    the    experiment    with    the    iwo 

gjass  bulbs   the   cold  has   been    transferred    from   the    freezing 

mixRtre  of  ice  and  salt  to  the  other  bulb,   as   if  the  cold  had 

passed   &om   one  mto  the    other,  and  it  is  therefore  called  a 

Ciyopboros.     In  reality,   of  course,    the   heat   has  passed   from 

the  second  to  the  first ;  in  the  opposite  direction.     It  is  not  this 

has  gained   cold,  but  that   which   has  lost  heat;  it  has 

KD  deprived  of  heal  by  the  vapour  which  arose  from  its  surface, 

I  which  passing   into  the  vaprous  state  gained  heat  and  got 

I  from  the  water,  and  the  ^-apour  passed  over  and  was  condensed 

r  the  freezing  mixture,  so  that  the  name  of  cryophotos  is  so 

t  a  misnomer ;  it  is  the  heat  which  passes,  and  not  the  cold. 

;  the  time  is  nearly  at  an  end,  and  I  think  it  is  better  to 

conclnde  rather  before  the  hour  than  after.     I  need  scarcelycall 

your  attention  to  the  fact  that  I  have  merely  sketched  this  latter 

^^—Jiart  of  what  I  have  to  say,  the  subject  being  very  extensive,  and 

^^■it  is  at  present  by  no  means  sufficiently  studied,   but  if  these 
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few  experiments  which  I  have  ^ad  the  honour  of  bringing 
before  you,  at  all  tend  to  clear  up  the  hitherto  somewhat  mys- 
terious phenomena  of  freezing  mixtures,  my  task  has  been  ac- 
complished. 

The  Chairman  :  Ladies  and  gentlemen, — I  am  sure  it  will  be 
your  wish  that  your  thanks  should  be  conveyed  to  Professor  Guthrie 
for  his  most  interesting  lecture.  I  am  quite  certain  that  the  ex- 
periments which  he  has  made,  and  the  observations  with  which 
they  were  accompanied,  will  not  have  frozen  any  of  us,  but  that 
1  shairbe  permitted  to  convey  some  warmth  into  the  expression 
of  your  thanks  to  Professor  Guthrie. 


tHE  METHODS  EMPLOYED  AND  THE  RE- 
SULTS  OBTAINED  IN  THE  LATE  TRANSIT 
OF   VENUS  EXPEDITION. 

Bv  THE  Rev.  S.  J.  Perrv,  F.R.S. 


yune  i2(/i,  1876. 


Major  Festinc,  R.E.,  the  Chairman,  intioduced  the  lecturer. 

The  Rev.  S.  J.  Pekrv  1  Mr.  Chairman,  ladies,  and  gentlemen, 

—The  subject  on  which  I  have  to  address  you  this  evening  is  one  to 

which  great  attention  has  been  called  during  the  last  few  years, 

■nd  it  is  one  which  is  excellently  represented  in  this  Exhibition. 

e  interest  attachidg  to  the  subject  arises  from  two  things,  hrst 

1  the  scientific  value  of  the  research,  and  secondly  from  its 

practice  nature.     I  will  not  enter  into  particulars  at  present  with 

Igaid  to  the  scientific  value,  or  the  practical  use,  but  shall  say  a 

nlc  of  that  as  we  go  along ;  but  these  two  things  have  led  all 

e  civilised  nations  of  the  world  to  equip  expeditions  in  order 

0  cany  out  these  observations,  and  Chat  alone  is  enough  to  show 

tJie  importance  that  is  attached  throughout  the  whole  world  to  the 

subjett     There  is  very  little  time  and  a  great  deal  of  matter,  and 

0  yon  must  allow  me  to  go  rather  briefly  through  the  first  steps  of 

e  subject. 

\  to  the  first  plape  I  must  refer  for  a  few  moments  to  previous 

units.     The  first  idea  of  a  transit  of  Venus  came  into  the  mind 

r  Kejiler  as  he  was  working  out  those  famous  laws  of  planetary 

lotion  that  he  discovered  from  the  observations  made  with  an 

TUiDcnC  that   we   have   below.      In    the    lower  gallery  there 

■  the  quadrant  of  Tycho  Brahe,  and  this  Danish  astronomer  with 
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lIvK  uui[4«  instrmnent,  without  any  telescojte,  nude  out  the 
liusitions  of  the  planets  with  such  accuracy  that  Kepler  from 
ihujic  observattODS,  and  particularly  from  the  obseni-ations  of  the 
planet  Mars,  was  able  to  discover  the  laws  which  regulate  the 
motions  of  the  planets.  As  he  was  making  these  grand 
discoveries,  he  saw  that  two  of  the  planets,  namely,  those  which 
have  their  orbits  within  that  of  the  earth,  might  occasionally 
pass  across  the  sun's  disc,  and  might  be  seen  on  the  sun's  disc 
as  black  spots.  We  all  know  that  the  planets  receive  their  light 
from  the  sun  ;  the  brilliant  hemisphere  of  the  planet  is  therefore 
turned  towards  the  sun.  If  a  planet  comes  and  places  itself 
between  the  sun  and  us,  then  the  dark  part  must  be  towards 
us,  and  the  bright  part  towards  the  sun,  and,  therefore,  we  see 
the  planet  as  a  dark  spot  on  the  solar  disc.  Kepler,  in  the  year 
1629,  found  from  a  study  of  the  motions  of  the  planets  that  both 
Venus  and  Mercury,  which  are  the  two  planets  within  the  orbit  of 
the  earth,  the  earth  being  the  third  planet  in  order  from  the  sun, 
would  pa'is  across  the  sun's  disc,  and  be  visible  on  the  disc,  one 
in  November,  1631,  anii  the  other  in  December.  Mercury  was 
the  first,  and  astronomers  were  on  the  look  out  for  this  planet, 
and  Cassendi  was  lucky  enough  to  see  it.  He  was  the  first 
astronomer  who  saw  a  planet  upon  the  sun's  disc,  and  that  planet 
was  Mertury.  Mercury  passed  in  the  montli  of  November,  and, 
of  course,  when  that  discovery  was  made,  when  Kepler's 
prediction  had  beeii  verified,  astronomers  were  most  anxious  to 
see  the  transit  of  the  other  planet,  namely,  Venus,  which  was  to 
take  place  iu  December,  They  were  all  on  the  look  out,  but 
nobody  saw  it.  Venus  is  much  larger  than  Mercury  and  much 
nearer  us,  and  therefore  it  ought  to  have  been  seen  much  easier, 
but  unfortunately  while  Mercury  passed  across  the  sun's  disc 
during  the  day  time,  Venus  passed  during  the  night,  therefore 
the  sun  was  below  the  horizon,  at  "least  in  our  part  of  Europe  ;  it 
was  visible  somewhere  in  the  east  of  Europe,  but  in  England, 
France,  and  Italy,  the  sun  had  not  risen  when  Venus  passed  over 
its  disc,  and  therefore  no  astronomer  saw  that  first  predicted 
Uansit  of  Venus. 
It  is  easy  from  a  single  transit  to  calculate  all  fiiture  transits, 
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.use  we  koow  the  time  that  it  takes  for  a  planet  to  go  round 
iun ;  we  know  the  time  it  takes  for  Venus  to  go  round  the 
and  the  time  it  takes  for  the  earth  to  go  round  the  sun.  I 
luve  here  a  small  diagram  to  assist  youi  memories  on  which  1 
have  placed  the  oitmlter  of  days  that  it  takes  for  Venus  and  for 
the  earth  to  pass  round  the  sun.  In  the  lower  place  I  have  put 
jfiS-aSO  or  365  and  a  little  more  than  J  as  the  earth's  time  :  the 
tropica]  year  is  a  little  less  than  J,  but  it  is  not  the  tropical  year 
we  are  concerned  with,  but  the  sidereal  one.  It  takes  124  days 
and  rather  more  than  \  for  Venus  to  go  round  the  sun,  and  365^- 
for  the  earth  to  go  round,  therefore  Venus  is  continually  catching  up 
the  earth,  and  it  catches  it  up  after  a  revolution  and  \.  Now,  if  alt  the 
planets  moved  in  the  same  plane,  then  every  time  that  Venus  caught 
v^  the  earth  she  would  pass  between  the  earth  and  the  sun,  and 
of  the  inhabitants  of  the  earth  would  be  able  to  see  her  passing 
disc.  But  the  fact  is  not  so.  The  planets,  although 
they  are  all  nearly  in  the  plane  of  the  ecliptic,  are  still  a  little  in- 
clined to  that  plane,  and,  therefore,  when  Venus  passes  the  earth 
it  is  sometimes  alitlle  above  the  sun, and  sometimes  a  little  below 
the  sun.  It  is  necessary  not  only  that  Venus  should  pass  the 
earth,  but  that  it  should  be  near  the  ecliptic  at  the  time.  If  those 
two  things  are  joined  together,  then  we  have  a  transit  of  Venus 
across  the  sun.  It  is  very  easy  to  calculate  when  that  would  take 
place  if  we  know  the  two  periods.  Instead  of  those  hea\-y  num- 
bers we  can  take  other  fractions  that  represent  those  heavy 
fractions  very  nearly ;  that  is,  instead  of  fH-lH  ""^  ■^'^  '^^  iV 
lich  represents  the  fraction  very  nearly  ;  the  next  represents  it 
and  the  last  ^|  represents  it  very  well  indeed.  What 
that  mean  ?  y'y  means  that  8  revolutions  of  the  earth  are 
'equivalent  to  13  of  Venus,  and  the  other  fraction  means  that  243 
revolutions  of  the  earth  are  very  nearly  indeed  equal  to  395  re- 
volutions of  Venus.  The  revolutions  of  the  earth  are  years,  and 
■efore  if  we  add  143  to  the  period  of  any  transit  we  shall 
another  transit.  If  we  add  8  years  we  may  come  to 
ilher  transit ;  8  years  is  possibly  close  enough,  but  243  is  always 
enough.  Now,  taking  the  first  predicted  transit  of  Kepler, 
'hirh  was  in  the  year  1631,  and  adding  to  thai  343,  we  come  to 
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tlw  ^"HM  ii'74.  vhich  was  the  year  in  which  we  lately  observed 
tbe  UAuut.  But  not  only  is  243  close  enough,  but  8  may  be  dose 
uikoutjh.  Itow  do  we  find  out  whether  it  is  close  eDOUgh  or  not? 
Wc  Iw^  h>  caJculale  the  change  of  Venus's  distance  from  the 
iKb^)4.'  fot  cODJtiDcdons  8  years  apart,  and  that  calculation  was 
ikMiO«  int  b>'  Jeremiah  Hotrocks,  and  the  credit  given  to  him 
to  ilue  imudpally  to  his  examination  of  the  tables  of  the  planets, 
uid  to  his  computed  result,  that  in  8  years  Venus  changes  its 
btilude  or  its  distance  from  the  ecHptic  by  22'.  Now  the  9 
&uttlt.'nds  an  angle  of  a  little  more  than  30' ;  and  since  Venus  only 
rhanges  is'  in  8  years,  she  might  pass  over  a  certain  part  of  the  si 
at  one  period,  and  8  years  afterwards  having  changed  her  position  by 
»i',  she  might  pass  over  another  part  of  the  solar  disc.  Horrocks 
madethecalculations,  and  he  found  the  passage  in  the  year  1631  was 
such  that  it  would  allow  for  a  change  of  23'  and  yet  give  a 
transit;  and,  therefore,  he  was  on  the  look-out  for  the  tranal  1 
which  was  to  follow  that  of  163c, namely,  in  1639.  He  had  only 
t-ompieted  his  talmlalions  about  two  days  before  the  transit  took 
place.  He  was  then  a  young  man  of  about  22  or  23.  He  was 
able  to  communicate  his  knowledge  to  one  of  his  friends  in 
Liverpool  and  to  another  in  Manchester.  In  Liverpool  it  was 
cloudy  on  the  day  of  the  transit,  but  in  Manchester  and  near 
Preston,  where  Horrotks  was  observing,  it  was  fine  ;  and  HorTD4±5  , 
and  Crabtree,  his  friend,  in  Manchester,  were  the  two  first  to  see 
Venus  on  the  solar  disc. 

I  shall  not  have  time  to  go  into  the  particulars  of  that  tranat,  ' 
and  this  is  of  less  moment,  as  the  importance  of  the  transit 
of  Venus  was  only  discovered  several  years  later  by  the 
second  Astronomer  Royal  in  England,  Dr.  Halley.  He  had 
gone  out  to  the  Island  of  St.  Helena  to  observe  the  stars  of 
the  southero  hemisphere,  and  whilst  there  he  had  witnessed  the 
first  complete  transit  of  Mercury  across  the  sun's  disc.  He  was 
the  first  who  saw  Mercury  enter  upon  the  sun's  disc  and  pass 
right  across  it.  That  was  the  4th  transit  that  had  been  seen,  but  he 
was  the  first  who  had  seen  a  complete  one,  and  from  his  observation 
he  got  his  idea  of  the  immense  importance  of  the  transit  of 
Venus,     That  imporiance  arises  from  the  fact  that  by  means  of 
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t  of  Veoos  we  cam  detennine  the  exact  dtstaitoe   of 

n  the  eanh.    T^ax  dtsance  is  the  great  cdesdal  nait ; 

i  of  It  Tc  make  aS  the  great  measures  in  ilie  heavens, 

i  of  Ae  pluKts  for  instance. — ibcy  foDow  at  once 

fiBm  one  of  Kepler's  taws  aad  from  the  koowled^  of  tbe  distance  of 
the  sun  from  the  earth.  Then  a  gieat  manjr  of  the  laws  of 
nature  follow  the  innrse  sqoare  of  the  distance.  Yoa  have  the 
propagatioD  of  light,  of  beat,  of  magnetic  (brce,  and  other  farces. 
Goch  as  atoaction,  all  ft^lowing  this  law  of  tbe  invenc  square,  and 
therefore,  if  we  koow  what  the  distance  of  the  sun  is  from  the 
planets,  we  Icnow  what  action  (he  sun  b  e^ereidng  on  dificrent 
planctE,  and  can  form  some  idea  of  what  maj  be  the  state  of  such 
planets.  A^in,  from  onr  knowledge  of  the  distance  of  the  sun 
we  are  able  to  measure  the  distances  of  the  fixed  stan,  distances 
vhich  are  incoDceiTable  to  us  unless  we  enter  deeply  into  the 
■abject  The  idea  seems  to  be  appalling  to  us.  we  can  scaicely 
realise  the  distance  of  those  stars.  If  Alinigbt)'  God  at  this 
momeal  woe  lo  destrov  all  the  stars  in  the  finnament,  we  <x>uld 
go  on  obsenirg  ibem  aD  for  the  next  3^  years  exactly  as  we  do 
at  present.  Tbej  are  so  far  off  that  their  light  takes  more  (ban 
l\  years  to  readi  the  earth.  After  3J  years  one  or  two  would 
disa{ipear,  and  then  a  lew  years  later  one  or  two  moie,  but  it 
would  take  20  or  30  years  before  we  sbootd  lose  any  appreciable 
number,  and  aD  of  us  would  have  been  buried  long,  long  before  a 
thonnndlfa  part  of  the  stars  had  disappeared.  Again,  we  get 
from  tbe  knowledge  of  the  distance  some  idea  of  the  size  of 
those  bodies.  The  sun  is  not  the  largest  body  in  tbe  universe, 
yel  few  of  us  have  any  idea  at  all  of  what  that  size  may  be. 
Suppose  we  had  tbe  earth  here,  and  the  moon  at  the  distance  of 
140,000  miles  from  tbe  earth  moving  round  the  sun-     Tbe  moon 

I  the  sun  appear  (o  us  to  be  about  the  same  siie.    But  the 
a  ta  a  mere  fraction,  about  -^  tlie  size  of  the  earth  ;  whereas 

^  size  of  the  sun  is  soch  that  you  could  place  the  earth  and  the 

n  at  its  present  distance  within  the  sun,  and  allow  the  moon 

;  round  the  eanb  as  it  does  at  present,  and  the  whole  of 

II  qrsieni  would  lie  imide  the  sun,  and  you  would  have  300,000 
S  to  spare  all  round.     That  gives  some  notion  of  the  size  of 
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tht  «uu.  Ami  the  knowledge  of  these  distances  win.  when  it 
U'tK  \a.  ligbcly  the  size  of  the  sun,  give  us  some  knowledge  cA 
UltMC  xidiKtOTfuI  forces  that  are  coDtinually  at  work  upon  the  sun. 
wtWin^  out  those  flames  we  have  heard  so  much  of  lately,  aod 
thusie  Inttwndous  openings  called  spots  on  the  sun  mto  wfakh  w« 
(.vutiJ  throw  thousands  of  earths  at  once,  and  not  &I1  up  s  single 
»jH't,  mk)  yci  those  spots  are  opening  and  closing  sometimes  in  the 
■(^•iwc  of  a  few  days.  We  have  no  notion  at  all  of  those  cnonnous 
(C'[^'«B.  but  this  knowledge  of  the  distance  of  the  sun  will  enable 
ua  t\>  estimate  more  accurately  those  forces  that  are  at  work  in 
utlure. 

t  must  not  dwell  too  long  on  this  subject,  but  pass  on  from  the 
lltiestion  of  the  importance  of  the  subject  under  a  scientific  point 
of  view  to  its  importance  in  a  practical  point  of  view  ;  and  on  this  I 
wrtll  only  say  one  word,  as  we  have  a  great  deal  to  learn  about 
th«  late  transit.  I  can  convey  in  one  or  two  words  a  fair 
notion  of  the  practical  tmpottance  of  this  subject  of  the  transit  of 
Venus,  by  simply  mentioning  that  by  it  we  correct  our  lunar  tables, 
and  our  longitude  depends  on  our  lunar  tables.  If  our  chrono- 
nieteis  are  not  going  correctly,  we  have  only  the  moon  to  fell  badt 
u]>on  for  our  longitude  at  sea  :  thus,  in  the  present  polar  expedi- 
tion, their  chronometers  may  be  stopped  from  the  cold,  and  the)' 
will  then  have  to  depend  on  lunar  obsenations.  Now,  observations 
only  give  the  longitude  by  comparing  the  observations  with  the 
tables  of  the  moon,  and  those  tables  of  the  moon  include,  as  a 
necessarj'  element,  the  distance  of  the  sun.  Therefore,  if  there  ts 
any  error  in  the  solar  distance,  that  enters  into  the  lunar  tables. 
and  into  our  longitudes,  and  thus  into  our  knowledge  of  positions 
on  the  earth's  surface.  You  can  see  at  once  what  practical 
use  it  is  to  the  mariner  to  know  exactly  what  is  his  longitude, 
and  therefore  to  have  correct  tables  of  the  moon. 

Halley  not  only  pointed  out  the  importance  of  this  subject,  but 
he  also  discovered  a  method  which  is  perhaps  the  best  method 
even  at  present  for  udlising  this  transit-  1  have  here  a  diagram 
representing  the  method  of  Halley  ;  but  I  will  first  of  all  refer  you 
to  another,  which  shows  you  what  takes  place  in  a  transit  of 
Venus.      It  is  an  exceedingly  simple  thing.      The   dark  body 


THE  TRANSIT  OF  VENUS.  45 

i  lie  planet  which   comes   up   to  the   sun,  touches  it 

KeUemally,  and  then  internally,  passes  across  along  a  certain  arc, 

lod  then  goes  off  the  solar  disc.     Now  we  will  pass  to  the  next 

jure,  in  which  we  shall  see  at  a  glance  what  is  required  for 

■HaQey's  method.     1  have  represented  the  earth  as  a  rather  large 

irde,  but  in  all  these  cases  you  cannot  represent  the  relative  sizes 

)f  the  different  bodies.     If  we  represented  the  earth  of  any  apparent 

lewecould  not  get  the  suninto  the  same  diagram,  so  we  are  obliged 

f  to  give  up  relative  sizes.     This  represents  the  earth,  and  the  other 

fi  fa{ack  circle  represents  Venus,   which  ought   to  be   represented 

about  the  same  size  as  the  earth,  and  there  is  the  sun.     In  Halley's 

method  you  choose  two  stations,  such  that  the  chords  described 

by  the  planet  across  the  solar  disc  shall  be  as  different  as  possible. 

There  are  two  things  that  may  cause  a  difference;  first  of  all 

ft  difference  in  the  latitude  of  the  observers,  and  secondly,  the 

ftiotalion  of  the  earth.     1  will  not  enter  into  the  question  of  the 

ft«Dtation,  but  we  may  see  very  easily  how  that  would  affect  the 

\  tjuestion.    I  will  simply  point  out  the  ditference  of  position  with 

L-xegard  to  latitude.     There  is  an  observer  at   "  N,"   which  is 

Ls  northern    station,    and    another  at  "  S,"  which  is  a  southern 

Mtation.  Now  light  travels  in  straight  lines. and,  therefore,  the  observer 

:  "  N  "  will  see  the  planet  Venus  in  the  direction  of  this  straight 

"  N  V,"  and  Venus  nill  appear  to  describe  the  lower  chord 

ross  the  solar  disc ;  whereas  the  obsen'er  at  "  S,"  in  the  southern 

isphere,  will    see  Venus  on  the  other  straight  line,    "  S  V," 

;,  therefore,  Venus,  during  the  transit,  will  describe  that  short 

^'KK.     By  means  of  the  knowledge  of  those  two  arcs,  we  can  easily 

discover  w  hat  is  the  distance  of  the  sun.     I  shall  not  have  time  to 

enter  into  the  details  of  it,  but  this  method  of  Halley  was  pointed 

out  in  the  year  1677.     The  transit  previous  to  the  time  of  Halley 

Lhad  taken  place  in   1639,  and  if  we  add  243  years  to  the  first 

Itransit  of  1631,  we  come  to  the  year  1874.     At  those  periods  the 

F  earth  and  the  planet  occupied  the  same  relative  positions  in  space 

whh  regard  to  the  sun  ;  but  as  those  two  bodies  go  round  the  sun 

nearly  in  circular  orbits,  if  Venus  at  one  position  in  her  orbit  is  in 

such  a  place  that  the  transit  is  visible,  in  the  opposite  position  of 

bn  orbit  she  will  be  in  the  same  relative  position  with  regard  to 
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the  earth  and  the  sun,  and,  therefore,  half  of  243  will  lead  us  kIso 
to  a  transit,  but  to  a  transit  on  the  opposite  side.  The  first  transit 
took  place  on  what  is  called  the  ascending  node,  the  point  at 
which  Venus  comes  from  below  the  ecliptic  to  above  the  ecliptic 
The  particular  transit  of  which  I  am  going  to  speak  occurs  when 
the  planet  is  going  from  above  the  ecliptic  to  below  the  ecliptic 
If  we  add  one  half  of  143  to  1639,  we  come  to  the  year  1760!  ; 
the  first  transit  occurred  in  December,  and  if  we  add  half  a  year, 
we  then  get  to  the  month  of  June,  therefore  the  transits  at  the 
descending  node  occur  always  in  the  month  of  June,  and  those  at 
the  ascending  node  occur  in  the  month  of  December. 

Now,  I  will  be  very  brief  indeed  with  the  transits  of  1761  and 
1769.  There  was  one  in  1761),  for  the  same  reason  that  we  saw 
there  would  be  one  in  1639,  because  the  change  of  zz'  in  the 
latitude  of  Venus  is  less  than  the  sun's  apparent  diameter.  This 
transit  of  1761,  which  was  predicted  by  Halley,  and  could  easily 
have  been  predicted  by  any  astronomer,  was  observed  by  a  great 
many  persons,  who  went  to  different  parts  of  the  world.  About 
a  year  and  a  half  before  that  transit,  the  French  astronomer  Delisle 
saw  that  Halley's  method  would  not  be  very  good  for  that  transit. 
It  is  not  very  good  unless  you  can  get  a  considerable  difference 
between  the  two  chords  described.  If  the  planet  passes 
across  near  the  centre  of  the  sun,  then  Halley's  method  may  not 
lail,  but  it  is  not  good.  Delisle,  therefore,  studied  the  matter 
closely,  and  discovered  a  method  of  his  own,  and  that  method  I 
have  indicated  in  this  diagram.  Here  we  require  two  stations, 
rather  east  and  west  than  north  and  south.  If  you  follow  along 
the  straight  lines  as  before,  when  the  observer  on  this  side  of  the 
earth  sees  Venus  at  a  distance  from  the  sun,  the  observer  at  the 
other  side  sees  Venus  touching  the  sun.  The  difference  between 
the  two  times  of  the  contacts  as  seen  from  the  two  stations  will 
enable  us  at  once  to  discover  the  distance  of  the  sun.  In  Halley's 
method  we  require  four  observations,  because  we  require  to  know 
two  chords.  We  know  the  chords  from  the  observed  times.  We 
see  how  long  it  takes  for  the  planet  to  pass  across  the  sun's  disc, 
and  since  we  can  represent  the  sun's  diameter  in  the  same  unit  as 
the  two  chords  described   by  Venus  at  the  N.  and  S.  stations. 
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^^nre  can  put  the  whole  down  on  paper,  and  can  find  out  the 
^■distance  between  the  chords  from  knowing  the  time.  In  Haley's 
^B  method  we  require  the  time  at  N  and  at  S,  when  the  planet  enters 
^V  iq>on  the  sun,  and  when  it  leaves,  therefore  we  require 
four  observations  of  contact ;  in  Delisle's  method  we  only 
requu^  two  observations  of  contact.  I  shall  refer  to  that  agiun 
presently,  when  speaking  of  the  preparations  for  the  transit  of 
1874;  but  1  must  finish  those  of  1761  and  1769  in  a  very  few 
words.  The  first  was  a  failure.  Persons  went  to  a  great  many 
parts  of  the  world,  but  they  did  not  spread  themselves  out 
enough.  Halley's  method  was  not  very  favourable,  and  Delisle's 
failed  because  they  did  not  know  their  longitude  with  sufficient 
accuracy.  By  Halley's  method  you  do  not  require  the  know- 
ledge of  the  longitude,  but  for  Delisle's  you  do ;  and  since  the 
loi^tudcs  were  not  known  accurately,  the  method  failed. 
The  consequence  was  a  total  failure  in  the  year  1761,  but 
that  did  not  discourage  astronomers,  and  all  the  nations  of  Europe 
sent  out  still  more  numerous  expeditions  for  the  following  transit; 
aod  for  that  transit  ihey  sgiread  themselves  out  well;  the  observa- 
tions were  very  well  taken,  and  excelleni  results  were  obtained. 
It  was  for  that  transit  that  the  famous  Captain  Cook  made  an 
expedition,  and  went  round  the  world ;  and  we  have  here  in  this 
Exhibition  the  chronometer  which  was  used  by  Captain 
Cook  in  that  voyage.  It  was  an  instrument  which  he  took  on  to 
that  island  of  which  I  shall  have  to  say  a  few  words  later  on,  the 
Islaitd  of  Desolation.  '  This  transit  succeeded.  I  will  not  stay  to 
ineDtioD  the  names  of  the  different  persons  who  took  part  in  it, 
liat  I  camnot  allow  one  of  them  to  pass  without  a  slight  remark. 
He  was  a  member  of  the  French  Academy,  and  went  out  to  observe 
d»C  transit  of  1761J  but  he  was  then  very  unfortunate,  as  he  was 
on  a  French  man-of-war,  and  they  wanted  to  go  to  a  part  of  India 
which  was  in  the  possession  of  the  English.  The  French  man-of- 
war  did  not  hke  to  approach  the  shore  when  they  found  the 
place  was  in  the  hands  of  the  English,  so  they  took  the  unfortu- 
nate astronomer  back  again.  Whilst  at  sea  he  saw  the  planet 
|>3UUig  across  the  sun's  disc,  but  he  was  determined  not  to  be 
kd.     He  would  not  return  to  France,  but  settled  down  in 
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India  for  eight  years,  and  wailed  for  the  transit  of  1769.  It  required 
a  great  deal  of  patience,  and  we  should  have  hoped  he  would  have 
been  rewarded.  The  way  he  was  rewarded  was  as  follows  :  he  had 
everything  ready  on  the  day  of  the  transit,  and  00  that  day  he 
saw-  nothing.  But  this  was  not  all.  He  returned  to  France. 
When  he  started  he  was  a  member  of  the  Institute,  but  when  he 
got  back  he  found  they  had  given  him  up  as  lost,  and  disposed  of 
his  place,  and,  what  was  still  worse,  they  had  also  disposed  of  all 
his  property. 

This  transit  of  1769  was  well  observed,  and  the  German 
astronomer  Encke  determined  that  value  of  the  sun's  distance 
which  we  were  accustomed  to  receive  in  our  childhood,  namely, 
95  millions  of  miles,  or  a  little  more  ;  and  it  is  only  a  few  years 
ago,  in  llic  year  1869,  that  an  Knglish  astronomer  took  up  the 
question  again,  and  the  reason  why  he  did  so  and  re-examined 
the  calculations  of  the  German  astronomer  Encke  is  shown  in 
this  table.  It  contains  a  number  of  values  of  what  is  called  the 
solar  parallax ;  that  is,  simply  the  angle  which  determines  the 
distance  ;  if  you  know  the  angle  you  know  the  distance.  The 
parallax  of  8*5  gave  95  millions  of  miles.  Now,  Foucault  and 
Fizeau,  two  celebrated  French  physicists,  whose  instruments  are 
in  this  Exhibition,  the  instruments  by  which  they  made  the 
observations  for  determining  the  velocity  of  light,  found  that  the 
parallax  was  8'8  and  not  8'5 ;  in  fact.  Foucault  made  it  8'86, 
and  Fizeau  made  it  8*8g,  or  very  nearly  S-g.  Hanson,  from 
certain  inequalities  of  the  moon's  motion,  determined  the  parallax 
to  be  8-g.  Mr.  Stone,  from  observations  of  Mars,  found  it  to  be 
8'8.  Levenier,  who  received  the  gold  medal  of  the  Royal  As- 
tronomical Society  this  year  for  his  researches  on  the  planets, 
from  observations  on  the  occultation  of  Mars  by  a  star,  found  8'8. 
The  same  astronomer,  from  observations  of  the  latitude  of  Venus, 
found  88;  the  same,  again,  from  io5  years'  observations  of  Venus 
on  the  meridian,  found  S'S.  Mr.  Stone,  from  the  displacement  of 
Mars,  found  S-g.  Sir  Thomas  Maclear  found  S'8  ;  and  the  German 
astronomer  Winnecke  found  8-9.  Other  observations  of  a  similar 
nature  have  been  made,  and  have  led  to  nearly  exactly  the  same 
results,  and  we  always  find  8-8  or  nearly  8'q  throughout  the  whole 
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All  fliese  delennine  the  distance  of  the  sun,  and  all  give  about 

Ae  same  distance,  and  they  all  differ  from  the  distance  found 

torn  ihe  transit  of  Venus  in  1769,  in  which  Captain  Cook  took 

These  methods  are  so  very  different  that  it  is  impossible 

tut  they  should  all  lead  us  to  the  same  error ;  they  might  each 

t  ihem  separately  lead  to  error,  but  they  would  not  agree  in  the 

me  error.     In  the  first  we  have  a  rotating  mirror  without  any 

reference  at  all   to  the  stars,  except  to  the  phenomena  of  the 

satellites  of  Jupiter ;  then  a  rotating  wheel ;  Mars,  the  Moon,  and 

\Vnus  ;  all  leading  to  exactly  the  same  results.     It  was  evident, 

therefore,  to  astronomers  that  the  value  got  from  the  previous 

transit  of  Venus  must  be  wrong,  and,  therefore,  all  confidence  in 

the  method  was  shaken.     But  Mr.  Stone,  who  was  then  the  first 

_  assistant  at  the  Observatory  at  Greenwich,  undertook  to  recalcu- 

jhltc  the  observations  of  1769,  and  the  result  of  his  calculations  led 

\  to  the  value  of  8-9,  a  value  which  was  very  nearly  tlie  mean 

f  the  values  found  from  all  the  other  methods.     I  have  not  time 

■  explain  fully  Mr.   Stone's   calculations,  but  be  restored   the 

letbod  of  the  transit  of  Venus  to  its  former  prestige,  because  he 

ind  it  gave  a  value  which  was  at  least  as  accurate  as  any  of  the 

■lues  found  by  the  other  methods.     After  these  two  transits,  the 

1  order  is  the  transit  of  1874,  the  one  we  went  out  lately 

D  obser^-e.     And  I  am  going  now,  with  your  permission,  to  follow 

ne  of  the  expeditions  than  ail  of  them  together,  and  I 

all  follow  in  particular  the  one  in  which  I  took  part  myself, 

hich  resembles  closely   all  the   expeditions    that  were    under- 

'taken  by  this'  country.      We  went  to  different    places,   but   we 

were  all  prepared  alike,  and  our  methods  of  observation  were 

the  same.     In  the  balcony  outside  you  will  see  the  instruments 

that  we  used,  and  each  of  our  expeditions  were  equipped  in  nearly 

the  same  way.       All    of  those  instruments  have  a  certain  interest 

in  themselves  as  being  connected  with  the  transit  of  Venus,  and 

a  ha\-ing  visited  nearly  every  part  of  the  world  during  the  last 

D  years. 

t  1  will  commence  by  throwing  on  the  screen  a    picture  of 

Greenwich    preparations    for    this    transit.      I    must   first 

mtion  that  the  great  question  at  starting  was  what  method  we 
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■boub)  adopt — Hallej^s  method  or  Delisle's.  After  I  have  thrown 
on  the  licreeD  ihe  difierent  pictures,  1  will,  if  time  permits,  return  to 
the  diagram,  and  give  reasons  why  we  should  have  adopted  one 
railier  than  the  other  method,  and  refer  briefly  to  the  other 
methods, — the  photographic,  the  spectroscopic,  the  divided  object 
glawi,  and  the  divided  eye-piece.  We  have  in  this  picture  the 
part  of  ihc  canh  which  was  opposite  the  sun  at  the  beginning  of 
the  traniit.  It  was  in  December,  and  then  the  sun  is  about 
a^i^  below  the  equator.  At  the  banning  of  the  echpse  it  was 
somewhere  at  the  eastern  extremity  of  Australia.  For  this  map 
I  am  indebted  to  the  kindness  of  Dr.  Hn^ins,  President  of  the 
R'jyal  Astronomical  Society,  who  has  lent  me  a  number  of 
beautiful  slides  to  illustrate  the  phases  of  the  transit  of  Venus. 
The  map  is  a  copy  of  one  of  Mr.  Proctor's  pictures  of  the  earth. 
Tliis  astronomer  has  done  an  immense  deal  of  excellent  work 
for  the  transit  of  Venus  in  drawing  maps  ;  and  he  has  thus 
enabled  us  lo  understand  very  much  better  the  different 
stations  and  the  different  ways  of  determining  the  best  position 
for  the  observer.  1  may  also  mention  that  he  has  pointed  out  a 
third  metho<l  of  observation,  called  the  mid-transit  method, 
which  enables  us  to  increase  our  number  of  good  staUons, 
'  h  is  also  very  importanl.  We  cannot  go  into  the  details, 
i  I  may  say  that  most  of  the  stations  that  were  good  for 
!  mid-transit  method  were  also  excellent  for  Halley's  method. 
Tyou  surround  the  sun  by  a  cone,  and  that  cone  is  continued 
and  encloses  Venus,  and  comes  up  to  the  earth,  and  if  the  apex 
of  tiic  cone  lies  between  the  sun  and  Venus,  and  you  make  a 
perjiendicular  section  of  the  cone  at  the  distance  of  the  earth  you 
would  get  a  cirtle,  and  in  that  circle  you  would  get,  as  it  crosses 
the  earth,  all  the  phenomena  with  regard  to  the  external  contact. 
Or  again,  if  you  take  another  cone,  enclose  the  sun,  and  make  it 
also  enclose  Venus,  and  the  apex  now  lies  between  Venus  and 
the  earth,  a  perpendicular  section  at  the  earth's  distance  would  lie 
a  circle  that  gives  you  all  that  you  would  require  to  know 
about  the  internal  contact.  The  sections  of  those  two  cones  ajc 
licautifully  drawn  by  Mr,  Procter,  and  are  shown  on  this  map. 
We  have  there  the  lines  in  which  those  cones  pass  across  the  earth. 
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\yt  citcles  are  very  large  inileed  compared  with  the  earth,  and 

thcreiore  ihey  give  very  nearly  straight  lines.     All  places  on   the 

earth  within  those  lines  would  see  Venus  coming  on  the  sun's  disc ; 

then  it  would  pass  along  and  come  out  at  the  opposite  point.  For 

Deh'sle's  method  it  was  necessary  to  have  the  time  as  different  as 

possible,  and  therefore  not  to  have   stations  near  one  another, 

but  differing  much  in  longitude.     Captain  Tupman  was  put  at  the 

head  of  an  expedition  to  the  Sandwich  Islands,  which  was  very 

nearly  the  best  point,  and  we  were  near  the  opposite  extremity 

of  the  same  diameter.    At  one  point  the  ingress  was  accelerated, 

and  at  the  other  retarded,  and  therefore   the  greatest  possible 

difference    was   obtained.     The    observations    at    both  stations 

succeeded  vety  fairly. 

^H    We   have  now    another    map    showing    the   position     of  the 

^^■rth  at  the  end  of  the  transit.     If  you  remember  the  position  of 

HPl^  last  map,  Australia  was  in  the  centre,  but  you  have  a  part 

^KtiX  this  map  common  to  the  other  map,  and  ever^'  part  that  is 

common  to  Ihe  two  maps  had  the  whole  of  the  transit  of  Venus 

in  view;   but  this  part,  including  a  great  portion  of  Africa,  did  not 

appear  in  the  last  map,  therefore  observers  there  could  not  see 

ihe  Iteginning  of  the  transit  at  all ;  the  sun  had  not  risen ;  whereas 

the  Sandwich  Islands  are  now  left  on  ihe  other  side,  so  that  the 

mhabitants  there  saw  the  beginning  of  the  transit,  and  did  not  see 

[       the  end.     Therefore,   you  have  a  part  of  the  globe  in  which  the 

bqpnning  is  seen,  a  part  in  which  the  end   is  seen,  and  a  part  in 

vliidi  the  whole  is  seen.     For  Halley's  method  you  must  see  the 

whole,  and  therefore  you  must  choose  on  this  map  and  the  other 

vojp  those  points  which  are  common   to  the  two,  and  yet  these 

■tations  roust  differ  as  much  as  possible  in  latitude,  taking  into 

'       B":ount  the  rotation  of  the  earth.     Vou  can   obscr\e  that  Kcr- 

■J. ii-len's  Island,  or  the  Island  of  Desolation,  appears  on  this  map 

well  as  on  the  other,  and  therefore  it  was  a  good  station  for 

H.iUcy's   method.    The  corresponding  N.  stations  are  those  of 

L      Iberia.     We  have  now   on   the  screen  some  of  the  houses  that 

I      were  built  at  Greenwich,  in  preparation   for  the  transit,  for  it  was 

I      not  only  necessary  to  study  the   best   positions   on  the  earth's 

surface,  but  also  to  invent  instruments,  and    to  make  them,  and 
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to  tnttld  housi:s.  Some  of  these  tiere  canied  nearly  to  the 
fioun  region  of  the  South,  olhcis  to  New  Zealand,  others 
to  the  middle  of  the  Pacific  Ocean,  to  Eg\-pt,  and  so  on.  It 
wa«  necessarj'  to  have  these  all  ready,  and  then  to  train 
the  observers,  so  that  there  was  an  immense  amount  of  woit 
to  be  done  in  preparation.  The  burden  of  that  fell,  of  oouise, 
upon  the  Government  representaiive  of  Astronomy  in  this 
country,  Sir  George  Airy.  The  whole  of  the  southern  part 
of  the  grounds  at  Greennich  was  filled  n-jth  these  huts,  and 
so  was  the  mldemess  in  Greenwich  Park,  and  there  was  again  a 
large  village  of  wooden  houses  in  the  Vicarage  garden.  Alt  the 
instruments  had  to  be  tested  to  see  that  they  were  correct,  not 
only  for  any  one  place,  i)ul  for  the  particular  place  they  were 
destined  lo  occupy.  ThtTC  is  now  on  the  screen  a  picture  copied 
from  a  paper  copy  of  a  Janssen  plate.  A  tl  round  the  margin  are 
successive  pictures  of  the  same  sun  spols  taken  at  iuter^'als  of  one 
second.  This  is  Dr.  Janssen's  method.  You  see  at  one  portion 
a  little  square  opening.  Tlie  plate  is  brought  successively  oppo- 
site the  same  point,  the  wheel  bearing  a  sensitive  jilate,  and  it  is 
turned  round  so  that  every  part  is  brought  in  succession  to  this 
opening,  and  you  get  in  the  course  of  a  minute  50  or  60  photo- 
graphs of  the  same  thing.  It  was  Mr.  Christie  who  devised  this 
plate  for  Dr.  ]anssen's  method,  and  it  worked  admirably  j 
we  were  thus  able  at  the  important  limes  of  contat-t  to  take  photo- 
graphs of  the  sun  with  Venus  upon  it  every  secontl.  Here  we 
have  a  similar  arrangement  in  this  succession  of  photographs  of 
the  model  of  the  transit  of  Venus.  There  was  a  little  triangular 
opening  and  the  sun  was  thrown  upon  that,  so  that  we  had  a 
strong  sunlight  on  that  little  angle,  and  then  an  imitation  of  the 
planet  was  made  tu  cross  the  triangle,  and  we  saw  all  the 
phenomena  of  coutact,  and  studied  them  at  our  ease,  with  this 
model,  before  going  out.  When  we  had  all  our  things  ready,  we 
left  early,  so  as  to  make  preparatious  on  the  spot.  The  transit 
was  to  take  place  in  the  mouth  of  December,  and  we  started 
in  May  and  June.  We  made  first  for  the  Cape  of  Good  Hope. 
There  was  no  great  difficulty  about  ihat.  We  went  down  with  the 
mail  steamer  and  met  with  the  ordiuaij  incidents  of  the  voyage. 
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ben  we  got  to  the  Cape  two  men  ofwar  were  appointed  to  take  us 

the  Island  of  Desolation.     As  far  as  the  Cape  we  were,  1  can- 

J»ot  say  on  known  grotind,  hut  at  any  rate,  in  known  seas,  but  when 

passed  the  Cape  we  got   into   unknown   regions,  or  rather 

ito  regions  known  to  a  certain  extent,  that  is  to  say,  known  as 

ly  places.     We  weot  out  in  search  of  a  wind,  and  we  pretty 

got  one,    It  rarried  us  along  almost  as  straight  as  an  arrow  to 

destination,  but  unfortunately  instead    of  keeping  up  a  good 

it  passed  the  limits  of  a  good  pace,  and  then  we  got  into  a 

A3  heavy  nearly  as  you  could  have  at  sea.     Of  course  it 

impossible,  surrounded   by   mist    and   cloud,    to  approach 

unknown  shore  in  the  midst  of  a  dense  fog  and  a  heavy  storm, 

that  we   had  simply   to    wait.     We  waited  for    two    days, 

id  during  those    two    days   the   sea  was    washing    over    the 

1    continuously.      'I'he  worst  of  it   was    that    we   had   our 

:dc  covered   with   live  stock ;  a  large  number  of  sheep  and 

and   Ihcy   were   washed  from    side    to  side  and   dashed 

;ailist  the  deck  and    sides  of  the  vessel,    so    that  one  morn- 

jng  wc  found  about  40  dead  bodies  about  the  deck.     Fortunately 

|<ire  did  not  lose  a  single  human   life,  but  we  had  certain  little 

interesting  accidents  occasionally. 

We  were  dining,  for  instance,  one  day  and  heard  a  tremendous 
noise  overhead  and  presently  down  came  a  great  part  of  a  wave 
ito  the  middle  of  ilie  dinner-table,  which  washed  the  dinner 
otHcers,  and  all  away,  some  on  the  top,  and  some  under- 
ih,  and  we  saw  nothing  more  of  dinner  or  dinner-table  for  the 
next  two  days.  On  another  occasion  a  number  of  officers  were 
undet  the  poop  smoking,  when  tlie  sea  came  and  washed  them  off, 
and  many  of  them  were  completely  under  water.  One  of  our 
largest  boats  was  attached  to  the  vessel  more  than  jo  feet  above 
level  of  llie  sea,  and  it  was  strongly  fastened  with  chains  and 
Tlie  captain  thought  it  was  not  secure,  and  sent  a 
iber  of  sailors  into  it  to  lash  it  with  extra  ropes  ;  the  men  had 
iy  got  out  of  the  boat  when  an  enormous  wave  came  and 
it  completely  off,  and  we  saw  nothing  more  of  it.  When  the 
abated  a  little  we  were  able  to  use  our  charts,  and  very 
lily  got  into  Royal  Sound,  of  which  this  is  a  picture.     There  we 
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found  we  were  not  alone,  for  there  were  two  small  schooners 
belonging  to  sealers,  who  acted  very  kindly  to  us  and  conducted 
us  to  the  station.     This  is  the  main  station  occupied   by  the 
English   in   Kerguelen.     You   see  there  a  rock,  which  protects 
the  houses.     This  station  was  well  protected,  of  course  I  mean 
well  protected  for  those  seas,  for  sometimes  you  could  not  land, 
but  still  the  ship  was  very  safe.     We  had  on  an  average  five 
storms  per  week,  but  we    managed  to  do    what  we  could  on 
the  other  two  days,  and  in  this  little  cove  we  managed  to  land 
all  our  instruments,  without  much  trouble.    Sailors  are  able  to  do 
nearly   anything;  they  dragged  the  houses  and  instruments   up 
this  incline  and  handed  them  over  to  us,  and  we  erected  them  on 
this  spot.     You  see  there  are  protecting  hills,  and  we  chose  the 
station  in  such  a  way  that  we  had  protection  from  the  north  and 
west,  so  that  when  the  wind  was  blowing  very  fiercely  upon  the  ships 
we  sometimes  scarcely  felt  it.     The  next  picture  on  the  screen 
is  to  give  you  some  idea  of  the  care  we  took  to  determine  our 
stations.     It  may  be  necessary  to  revisit  these   stations.     I  do 
not  know  whether  any  persons  will  feel  inclined   to  visit  the 
Island  of  Desolation,  but  we  took  photographs  in  different  direc- 
tions with  a  small   pocket  instrument  I  had  with  me,  in  order 
that  we  might  be  able  to  identify  again  the  precise  spots    if 
necessary.     All  these  pictures  were  taken  with  that  little  instru- 
ment ;    they   were    taken  on    dry   plates  that   I   purchased   in 
London.     I   used   them  eight  or  nine   months  later,  and  some 
were  developed  months  after  they  were  taken,  so  that  that  speaks 
very  well  for. these  little  cameras  which  you  can  carry  about  with 
you.     You  can  take  a  picture  in  two  or  three  minutes,  hand  them 
to  any  one  else  to  develope,  or  do  it  at  your  leisure  at  any  time 
you  like,  and  thus  go  over  your  travels  again.     This  picture  re- 
presents our  different  stations  and  observatories,  and  there  is  one 
in  which  we  have  the  members  of  the  corps  of  Royal  Engineers 
who  took  part  with  us  in  the  observations.  I  must  say  of  these  men 
that  immense  credit  is  due  to  them,  not  only  for  the  work  they 
went  out  to  do,  but  also  for  the  voluntary  work  they  did.     They 
volunteered  to  take  other  observations  as  well  as  the  astronomical 
ones.  I  felt  always  that  we  might  lose  everything  on  the  day  of  the 
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ttansiC,  a  cloud  might  come  and  deprive  us  of  all  our  astronomical 

oliservations,  but  we  could  secure   other  things,  magnetic  and 

meteorological  observations,  and  the  members  of  the  corps  of 

Koyal  Engioeets  volunteered  lo  take  these  observations,  day  and 

i  Bight,  every  two  hours,  whilst  they  remained  on  the  island,  which 

[■  was  five  months,  and  I  think  we  ought  to  be  very  grateful  lo  them 

r  for  what  they  did.     I  was  enabled  by  means  of  their  work  to  bring 

||:1>ac]c  a  sufficient  number  of  meteorological  observations  to  enable 

5  to  discuss  various  important  matters  connected  with  the  island. 

We  will  go  rapidly  through  the  other  instruments.    This  is  a  pic- 

ttuTC  of  the  transit  instrument  for  obsen-ingthe  time  ;  tlie  standard 

l-dack  may  be  seen  in  the  corner  of  the  hut,      A  good  observer 

I  can  easily  determine  the  time  to  within  one-tenth  of  a  second. 

I  We  carried   on    these   observations  every  fine    night,    and  you 

I  can  imagine  what  our  difficulties  were,  when  I  remind  you  that 

I  «-c  arrived  there  at  the  end  of  spring,  but  yet  we  could  see 

k  nothing  of  the   whole  island,    as   it  was  all  covered  with  snow. 

I  A  few  days  after  we  arrived  we  had  a  fall  which  left  the  snow 

I  about  one  foot  thick  on  the  deck.     They  do  not  leave  any  in- 

Icumbrances   \'ery    long   on  the  deck    of  a    man-of-war,    so    the 

'  must  have  come  down  very  rapidly.    Another  thing  which 

.  win  show  you  that  the  snow  fell  very  rapidly  was  this.    One 

k  morning  it  was  very  calm,  which  did  not  often  happen,  and  the 

t  had  been  falling  in  very  large  flakes,  and  those  who  got 

>  esriy  in  the  morning  between  six  and  seven  saw  the  sea  alt 

Xivered  with  snow  ;  there  was  one  beautiful  plain  surface  of  snow 

I  every  direction  ;  then  a  little    breeze    s]irang  up,    and    in   an 

I  instant  the  whole  of  the  snow  had  disappeared. 

The  next  picture  is  that  of  the  most  important  instrument  we 
lok  out.  Some  persons  spent  night  after  night  with  this  instru- 
The  other  instrument  offered  some  difliiculties,  as  you  had 
osit  and  wait  for  stars  for  three  or  four  hours  sometimes,  with  the 
now  falling  upon  you,  before  you  got  a  single  star  in  the  middle 
f  the  field,  and  that  in  the  middle  of  the  night  was  not  very 
work.  With  the  last  instrument  we  got  19  moons 
[  of  a  total  we  had  wished  to  get  of  30 ;  but  with  this  tnstru- 
pient  we  were  to  have  got  100  moons  ot  100  double  observations 
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of  the  moon,  because  with  this  telescope  you  could  see  the 
moon  in  any  pact  of  the  heavens,  whilst  with  the  other  you  could 
only  observe  it  on  the  meridian;  I  have  actually  waited  for 
hours  for  ihe  moon,  it  has  come  into  the  telescope,  and  then 
disappeared  before  it  came  to  the  wire.  With  this  instrument  you 
coidd  follow  the  moon  and  take  it  up  at  any  place.  It  was  so  ex- 
cellent an  instrument  that  you  might  depend  on  the  latitude  de- 
terminations to  within  a  few  yards  It  is  the  special  altazimuth  de- 
I'ised  by  the  Astronomer  Royal  for  the  Island  of  Kerguelen.  This 
is  a  large  telescope  for  observing  tlie  transit ;  it  has  an  aperture  of 
over  six  inches,  and  was  the  one  I  used  for  observing  the  transit  and 
for  taking  my  micrometer  measurements  during  the  time.  This  is 
one  of  greater  interest,  the  photoheliograph.  I  have  represented 
tlie  hut  in  which  the  instrument  is  placed,  the  sun's  rays  fall 
on  the  object-glass  and  are  bought  to  a  focus  at  the  eye  end  of 
the  telescope,  and  are  there  photographed.  Nearly  all  this  work 
was  intrusted  to  the  Royal  Engineers.  Unfortunately,  the  clouds 
interfered  ver>-  considerably  with  photography  at  our  station,  but 
Others  were  more  fortunate.  Here  again  is  an  instrument  that  yoil 
will  not  find  outside,  because  it  was  not  one  of  the  English  in- 
stniraents,  but  is  of  great  interest  when  compared  with  the  last.  It  is 
the  American  photoheliograph  of  which  we  have  heard  a  great 
deal.  It  consists  of  a  telescope  with  no  tube.  Here  is  the  object- 
glass;  and  here  you  have  a  heliostat,  an  instrument  like  those  down- 
stairs. Thisconsislsof  a  plain  mirror  which  is  turned  by  clockwork, 
and  always  sends  the  rays  of  the  sun  in  the  same  direction  where- 
ever  the  sun  may  be.  It  sends  the  rays  through  the  object-glass 
which  is  fixed,  and  then  they  travel  along  to  where  the  eye-piece 
of  the  telescope  would  be,  but  there  you  have  a  photographic 
camera  in  a  dark  room  where  all  these  photos  of  the  sun  were 
taken.  There  is  a  great  discussion  as  to  the  respective  values  of 
this  instrument  and  the  last ;  but  I  must  not  stay  to  discuss  it, 

^Vhen  we  had  erected  all  the  instruments  at  our  first  station, 
ivhich  occupied  a  very  considerable  time,  we  began  to  think  of 
other  stations,  and  the  first  we  settled  upon  was  at  a  distance  of 
about  six  or  seven  miles,  and  the  person  in  charge  of  it  is  represented 
in  this  picture.    He  was  one  of  the  chief  ofKcers  in  the  Expedition ; 
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imfortunately  he  caugbt  the  fever  the  other  day  a  St.  Helena 
and  died,  greatly  to  the  loss  of  the  navy  and  of  science.  He  took 
some  of  the  best  observations  made  in  the  Kerguelen,  and  I  have  no 
doubt  they  were  as  good  as  any  in  the  whole  of  the  Expedition. 
The  observatory  was  devised  by  himself  at  the  Cape  of  Good 
Hope.  I  i>-ill  show  you  now  a  few  pictures  of  the  obser\atories  at 
ibe  three  stations.  There  was  a  great  deal  of  discussion  about 
MacDonnell  or  Heard  Island,  an  island  discovered  about  the 
the  same  time  both  by  MacDonnell  and  Heard.  This  sta- 
tioo  was  to  have  been  occupied  by  both  the  .Americans  and  the 
Germans;  the  English  chose  Desolation,  and  the  .Americans  in 
ided  to  occupy  the  Crozets,  which  were  not  far  off.  These 
the  only  points  excellently  suited  for  the  method  of 
ley.  Heard  Island  was  given  up  by  the  Americans  and  by 
Uermans  on  account  of  the  bad  reports  received.  The 
[OozetB  were  to  be  occupied  by  the  Americans,  but  when  they 
ived  the  American  captain  finding  the  weather  too  bad,  said  he 
lutd  not  time  to  wait,  but  took  ihem  on  and  landed  them  in 
Tasmania  instead,  which  was  a  ditferent  thing,  as  this  last  was  no 
.%  first-class  station.  He  had  not  time  to  wait  because  the 
Americans  had  sent  out  all  their  five  expeditions  in  one  vessel, 
'wherean  ihe  English  sent  out  one  expedition  in  two  vessels. 
jUTlus  the  CiozetB  were  not  occupied  and  Heard  Island  was 
sot  occupied,  and  all  the  observers  were  collected  together  in  the 
Island  of  Desolation,  and  at  the  same  end  of  the  Island.  The 
OOnsequence  of  this  might  be  that  a  single  cloud  would  prevent  us 
AD  &om  seeing  the  sun  on  tJie  day  of  the  transit,  and  we  should 
bave  spent  thousands  of  pounds  for  nothing.  So,  1  thought  it 
vas  lime  to  make  an  effort.  VVc  had  two  vessels,  and  I  asked  the 
rajitain  if  be  was  prepared  to  occupy  Heard  Island  as  well  as 
Desolalton.  He  expressed  his  willingness,  and  not  only  that,  but 
he  got  his  vessel  ready.  I  had  asked  the  opinions  of  ail  the 
diftsrent  persons  we  had  met  with,  and  they  were  all  against  it,  but 
BOt  sufliciently  against  it  to  make  us  give  it  up.  There  was  one 
Allier  person  we  had  to  see  who  was  the  greatest  authority  on  the 
int.  Captain  Fuller,  and  when  we  saw  him,  unfortunately  he  told 
we  could  not  land  except  on  vary  rare  days,  one  or  two  in  the 
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month,  and  theo  we  could  not  land  in  our  own  boats,  but  should 
have  to  use  the  boats  of  the  whalers,  and  our  instruments,  to  say 
nothing  of  the  observers,  would  have  to  be  praetically  nndet  wafer, 
whilst  we  were  going  on  shore.  I  thought  ciiTonometers  which  had 
been  under  water  would  scarcely  give  us  the  time  within  ^  of 
a  second,  so  that  finally  we  were  obliged  to  give  it  up.  It  was  a 
good  thing  we  did  so,  as  I  was  thus  abie  to  choose  another 
station  where  we  saw  the  whole  of  the  transit,  whereas  in  Heard 
Island  nothing  at  all  was  seen.  This  is  the  cheerful  side,  the  sum- 
mer picture  of  the  third  station.  To  find  the  latitude  and 
local  time  I  had  to  stay  there  for  a  short  time ;  an  officer 
volunteered  to  go  with  me,  and  two  non-commissioned  officers 
com])leted  our  staff.  As  soon  as  the  sun  set  1  had  to  leave  this 
tent  to  go  on  to  this  heap  of  stones,  and  remain  there  until  the 
bun  rose,  and  thtn  get  into  that  little  tent  and  do  the  best  I  could 
until  breakfast  time.  Here  is  another  picture  of  the  same  station 
with  the  entrance  to  Royal  Sound.  This  one  represents  the 
German  station.  We  have  already  seen  the  American  instru- 
ments and  station.  This  is  another  picture  of  the  German 
station.  We  were  somewhat  astonished  at  the  Germans  placing 
themselves  in  what  looked  like  a  graveyard,  but  we  thought 
that  what  appeared  hke  tombstones  must  be  meteorological 
stands ;  but  we  finally  found  it  was  really  a  graveyard. 
Kergiielen  was  once  a  large  sealing  station,  and  they  had  had 
to  bury  a  great  many  of  their  men  at  this  place.  There  were  five 
stations  occupied  altogether  by  different  nations,  and  I  may  say 
at  once  thai  we  were  fairly  successful  at  all  five. 

I  will  now  show  you  some  of  the  slides  also  kindly  lent  me 
by  Dr.  Huggins,  showing  the  different  phenomena  of  the  transit. 
This  represents  the  sun.  You  see  the  planet  entering  upon  it, 
but  you  do  not  see  the  planet  until  it  is  on  the  sun's  disc. 
A  great  many  talk  about  seeing  the  first  contact,  but  you 
cannot  see  it,  there  is  nothing  to  see ;  and  though  some 
people  telegraphed  home  to  say  they  had  seen  it,  the  contact 
was  over  some  time  when  they  obtained  their  first  glimpse  of 
the  planet's  outline.  The  important  times  are,  when  it  appeared 
first,  just  when  it  touches  the  limb,  and  when  it  passes  off.    This 
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T)resents  the  relative  size  of  the  sun  and  planet,  and  the  arc  which 
rould  have  been  described  from  the  centre  of  the  earth.    There  was 
,  phenomenon    spoken  of  a  great    deal  in  the  former  transits 
mhich  seemed  to  get  in  the  way  of  obsen-ers,  called  "  the  black 
■drop."     When  the  planet  came  on  to  the  sun's  disc,  it  got  de- 
formed into  a  pear  shape,  and  was  drawn  out  towards  the  limb 
sun.     There  was  a  great  dispute  whether  that  was  due 
I  the  instruments,  to  the  atmosphere,  or  to  the  observer ;  or 
vhcthcr  it  was  something  in  the  phenomenon  itselt     It  has  been 
roved,  I  think,  very   satisfactorily,    that   it  was   due   either  to 
*tijc  atmosphere,  or  to  the  instnimcnts,  or  to  the  observer,  be- 
cause out  of  an  immense  number  of  skilled  observers  who  went 
out  this  time,  very  few  indeed  saw  anything  of  the  "  black  drop." 
Some  may  have  seen  a  slight  shadow  between  the  planet  and 
the  sud's  limb,  but  very  few  indeed  saw  the  planet  drawn  out ; 
there  were  a  few,  but  that  might  have  been  due  to  the  atmosphere, 
or  to  ihdi  instruments,  or  to  something  else  j  in  the  Himalayas 

^  there  were  observers  at  different  heights,  those  at  the  greatest 
Iieight  did  not  see  the  "black  drop,"  and  those  below  did  see 
il.  In  Calcutta  there  were  two  observers  side  by  side,  one  saw 
BOiDcthing  of  the  black  drop,  and  the  other  did  not  see  it  at  all. 

I  said  just  now  that  the  first  external  contact  could  not  be  seen 

until  the  planet  was  already  partly  on  the  solar  disc,  and  therefore 

^  it  had  not  been  seen  at  all,  but  there  is  a  method  of  seeing  it, 

e  of  the  French  astronomers  who  went  out  did  see  it  veiy 

n\\.     He  saw  it  by  enabling  himself  to   see  not  only  the  sun, 

Hrhich  is  represented  by  this  pale  yellow,  but  also  the  chromo- 

^bere,   that    red    envelope    of    tlic    sun   that    takes    all    those 

Emtostic  shapes.     If  he  cou!d  see  the  planet  creeping  over  that, 

se  he  could  see  it  come  up  to  the  sun's  disc,  and  see  it 

nicb,  and  that  wnuld  be  the  external  contact.     Dr.  Janssen,  by 

[  knowledge   of  the  bodies    contained    in   the   chromosphere, 

Eoinpared  with   the  bodies  contained  in  the  sun,  was  enabled 

I  do  this.    The  sun  itself  gives  a  complete  spectrum,  almost 

lOtinuous  from  red  to  violet,  but  the  chromosphere  gives  only 

iright  lines  separated  by  long  intervals  of  darkness,  and  thus  by 

llsing  a  coloured  glass  which    would  cut    off    a  great    deal    of 
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Oki;  l«((Kt  of  ibc  pbotosjAere,  and    very  litUe  comparatively  of 
iIh'  chlotDO^hctc.  he  was  able  to  see  the  plsnei  comiog  along 
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Of  o 


;  the  observatioDS  at  egress  are  the 


sAUW  as  at  ingress,  only  in  inverted  order. 

These  are  two  pictures  which  Sir  George  Airy  has  lent  me, 
which  were  taken  during  these  observations.  This  represents  the 
&ua  and  the  planet.  These  pictures  have  been  measured  very 
actuiately,  and  others  are  being  measured  at  present  in  different 

Before  summing  up  the  results  obtained  by  the  observa- 
tions, 1  will  now  give  you,  if  I  can,  an  idea  of  the  Island  of 
Desolation, 

From  these  pictures  of  the  island  you  see  that  even  when 
there  was  no  snow  you  could  not  go  one  pace  without  fixing 
your  eyes  on  the  ground,  and  being  carefiil  not  to  tumble  over 
the  blocks  of  stones.  Here  is  another  picture  showing  the 
rocks  overhanging  the  sea,  in  which  the  birds  build  thdr  nests. 
It  was  sometimes  rather  dangerous  taking  these  nests.  One  sailor 
fell  30  feet  and  knocked  a  piece  of  bone  an  inch  long  into  his 
skull,  then  he  rebounded  about  30  feel  lower  down,  which  shook 
the  piece  out  again,  and  that  second  tidi  saved  his  life.  To  show 
you  what  British  tars  are  made  o^  I  might  mention  that  when  he 
got  back  to  the  vessel  he  would  not  let  anybody  help  him  over 
the  side,  but  climbed  up  himself  and  gave  his  salute  to  the  officers 
before  being  carried  down  below. 

It  was  a  difficult  thing  to  walk  even  a  few  miles,  on  the 
jjoggy  or  rocky  ground  of  the  island,  and  two  officere  at  the  second 
station  nearly  lost  their  lives  in  going  from  one  station  to  another. 
They  had  broken  a  spider  line,  and  as  there  were  no  spider  lines 
with  them,  they  had  to  bring  part  of  the  instrument  to  the  first 
i^taiion  for  me  to  put  a  new  spider  line  into  it.  To  do  this,  they 
had  to  walk  six  miles.  They  walked  two  or  three  miles,  and  then 
came  to  an  arm  of  the  sea ;  these  anns  run  in  for  a  distance  of 
about  12  miles.  They  walked  round  one  arm  of  the  sea  and  then 
iheir  proi-isions  failed  them,  for  they  had  not  taken  much  for  what 
ihey  thought  a  walk  of  about  six  miles.  Then  they  came  to  a 
beu}nd  aim  of  ihe  sea ;  it  was  so  dark  they  were  afraid  to  stifi 
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L-and  they  bad  to  sit  down  there  and  wait  until  morning,  wht 
1  detennined  to  swim  across.    Fortunately  where  theyjuniped 
I  found  it  was  only  up  to  their  middle,  and  so  they  were  able 
I  wade  to  an  island  which  was  near.     Tben  they  had  to  get  into 
;  sea  again,  when  finding  that'  was   out  of  their  depth,  the)' 

■  swam  in  nearly  frozen  water  for  almost  a  quarter  of  a  mile. 
pAI  last  they  got  into  seaweed,  which  sometimes  grows  to  a  length 

■  ■of  40  feet,  and  there  swimming  was  impossible,  but  they  were  strong 
^jpoang  men  and  they  pulled  themselves  through  by  means  of  the  sea- 
1  iveed,  but  when  they  got  to  the  house  they  were  very  nearly  ex- 
I  liausied.  Some  8  or  10  hours'  rest  put  them  all  to  rights  again. 
I  They  were  glad  enough  lo  go  back  again  in  the  boat,  but  it 
['■was   rather  dangerous   sometimes  going  by  sea  in  small  boats. 

I  one   occasion    on   a    perfectly   caim   ilay,    a   giist   of   wind 

f  xuddenly  struck    a  boat    and   capsized    it,   leaving  the  men  no 

]  -option  but  lo  clamber  on  to  the  keel  and  sit  there.     There  were 

iwo  islands  between  ihem  and  the  open  sea.  thf  first  of  which 

I  iwas  rather  the  largest,     They  hoped  to  reach  the  first  one,  but 

I  when  they  came  near  to  it  the  current  carried  them  away ;  they 

■were  perfecdy  helpless,  simply  sitting  on  the  keel  of  a  large  boat. 

Happily  they    managed    to   touch    at   the    second    island,   and 

there  they  had  to  land  as  best  the)'  could.    The  ship  missed  them 

in  the  evening,  and  next  morning  sent  out  a  jtarty  in  search  of 

1    them.     Fortunately  Uiey  were  soon  found,  hut  they  had  ab-eady 

b  spent  a  night  in  the  open  air,   their  clothes  all  soaked  through 

k,aad   through,    and    the   temperature   at    freezing    point.       Here 

'    is  another  picture  giving  you  some  idea  of  the  rocks,  and  here  is 

one-of  the  birds  we  found  there.     On  the  island  there  was  not  a 

single  tree  or  shrub,  but  a  great  quantity  of  cabbages,  a  hitter  sort 

of  cabbage  which  was  very  good  after  being  boiled  several  times 

in  different  waters.     It  was  an  exceedingly  healthy  place,  and  we 

attributed  this  mainly  to  the  cabbages ;  I  1.I0  not  think  that  on  the 

average  more  than  two  men  at  a  time  were  on  the  sick  list  in  a 

Urge  man-of-war.     But  although  we  had  no  trees  and  no  bushes, 

we  bad  an  immense  number  of  birds  of  every-  size.     This  is  a 

dark    sooty    albatross.      Two    of  these    birds  built    their  nest 

*ery  favourably  for  some  goats  which  we  look  out  by  the  advice 
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of  Captain  Nares,  and  some  of  oui  sailors  found  two  young 
kids  comfortably  reclining  on  the  soft  bed  that  had  unwittingly 
been  [ftovided  by  the  smothered  hosts.  These  pictures  give  you 
some  notion  of  the  places  we  visited.  Of  course  the  places 
visited  by  other  expeditions  were  not  the  same  as  ours,  each  had 
iheir  own  points  of  interest.  I  will  now  point  out  very  rapidly 
on  this  map  the  different  places  which  were  occupied  by  the 
various  observers.  (The  Lecturer  then  pointed  out  on  the  globe 
and  also  on  the  map  the  stations  occupied  by  the  English,  Ger- 
mans, Americans,  and  Russians.)  With  regard  to  the  successes 
of  these  different  expeditions  I  will  merely  say  a  very  few  words. 
Of  the  32  Russian  stations  19  failed  entirely,  S  succeeded  par- 
tially, and  5  were  perfectly  successful.  Of  the  English  stations 
those  inEgypt  and  Rodriguez  were  as  successful  as  they  could  be. 
The  Sandwich  Islands  and  Kerguelen  were  also  fairly  successful. 
At  first  external  contact,  we  got  a  certain  number  of  obser- 
vations, but  these  we  need  not  count,  as  we  were  unprovided  with 
tllc  tinted  glass  used  by  Dr.  Janssen,  and  we  did  not  employ  our 
spectroscope;  We  got  three  observations  ol  the  second  contact, 
three  of  the  third  contact,  and  three  ol  the  fourth  contact,  so 
that  we  are  able  to  apply  the  method  of  Halley  and  also  that  of 
De  Lisle. 

It  is  not  true,  as  has  been  said  in  the  papers,  that  there  was 
not  a  single  station  at  which  we  got  both  contacts.  At  each  of 
our  three  stations  we  obtained  some  contacts.  At  the  first 
station  we  got  the  third  and  fourth  contacts  by  two  observers ; 
at  the  second  station,  the  first  and  second  contacts  by  two 
observers ;  and  at  the  third  we  got  all  the  contacts  by  one  ob- 
server. Besides,  it  is  well  to  remark,  that  the  three  stations  were 
sufficiently  near  together  for  the  results  to  be  combined  for 
Halley 's  method.  Then  again  we  were  able  to  take  a  certain 
limited  number  of  photographs,  but  it  was  an  unfortunate  day 
for  OS  in  some  respects,  because  we  had  had  sucli  fine  weather 
before.  We  were  looking  out  for  the  planet  upon  the  sun,  as  the 
lime  was  drawing  near.  We  had  a  nearly  perfect  sky,  no 
cloud,  and  then  at  last  a  sniaH  one  appeared,  and  the  wind  was 
blowing  softly,  and  this  cloud  came  up  exactly  in  the  direction 
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rj.     When  it  arrived  at  the  sun,  we  had  srill  lo  minutes 
I  spare ;   and  it  was  travelling  at  such  a  rate  that  it  seemed 


pass  off  the  solar  disc  before  the  i 
I,  so  we  felt  a  certain  amount  of  consolation.  But  now  this 
id,  which  generally  blew  almost  a  hurricane  five  days  in  the 
lek,  during  the  whole  five  monlhs  of  our  stay,  ceased 
llogether,  and  the  rloud  remained  over  the  sun  for  20  minutes 
irithout  stirring  at  all.  The  consequence  was,  that  we  missed 
our  first  and  second  contacts,  At  the  other  stations  they  were 
more  successful,  and  got  their  three  observations  which  I  mentioned 
just  now.  At  the  Sandwich  Islands  they  could  see  only  the  be- 
they  were  not  situated  on  the  illuminated  hemisphere 
It  the  end  of  the  transit.  In  Egypt  they  could  only  see  the 
but  they  obtained  both  contacts  at  egress.  In  New  Zealand, 
'hich  was  the  place  of  all  places  where  the  weather  seemed  before- 
certain  to  be  fine  at  that  time  of  year,  they  saw  next  to  nothing. 
It  was  the  one  place  which  was  cjuite  cloudy  during  the  whole 
time.  They  were  able  to  get  a  few  photographs  and  a  few 
measurements,  but  very  fewindeed.  Kerguelenwas  supposed  never 
lo  be  seen  ejicept  in  a  mist,  but  we  got  very  fair  weadier  there. 
The  French  astionomer  at  St.  Paul's  did  not  see  the  sun  once 
daring  the  whole  lime  he  was  there  until  the  day  of  the  transit, 
and  dien  there  was  not  a  single  cloud,  and  he  saw  everjihing 
perfectly,  whereas  a  friend  of  his  who  had  gone  doivn  lo  Campbell 
id  not  only  saw  nothing,  but  was  very  lucky  indeed  to  escape 
ith  his  life.  The  observations  in  Egypt  were  a  success;  in  Japan 
in  China  they  were  very  fairly  successful.  They  are  measuring 
the  photographs  now,  and  calculating  the  longitudes,  and  the  times 
of  contact  and  so  on,  and  those  calculations  must  go  on  fcr  the 
next  three  or  four  years.  At  the  last  transit  they  took  loo  year& 
before  they  gave  u^  the  results  we  have  now,  and  therefore  we 
it  be  content  to  wait  for  two  or  three  years  for  the  perfect 
lit  of  this  transit  The  French  values  are  coming  out  very 
irately,  and  the  measurements  at  Greenwich  are  much  better 
.than  was  expected.  Each  nation  mill  first  work  up  its  own 
_fesulls,  and  then  the  results  obtained  by  the  different  nations 
be  combined,  and  we  shall  get  a  final  value  for  the  pnrallox 
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of  Venus  and  the  distance  of  the  sun.  Sir  George  Airy  has 
worked  out  an  excellent  method  for  combining  all  these 
different  observations  into  one  set  of  equations,  so  as  to  give  the 
best  result  from  all  the  possible  observations  of  every  sort  that 
have  been  taken.  For  the  one  pioint  of  the  solar  distance  we  must 
wait  ;  the  observations  have  been  taken,  and  we  shall  get  the 
results  later  on.  But  we  are  already  in  possession  of  a  great  deal. 
First  of  all  we  have  the  discovery  of  Dr.  Janssen,  that  by  placing  a 
certain  tinted  glass  in  front  of  the  sun,  we  can  cut  off  sufficient 
of  the  rays,  without  interfering  too  much  with  the  chromosphere, 
to  see  the  planet  as  it  creeps  across  the  chromosphere,  and 
therefore  we  have  saved  one  of  the  four  contacts.  Again,  the 
same  astronomer  compared  during  the  transit  photographic 
contact  with  eye  contact,  and  he  found  that  there  is  a  con- 
siderable difference  betiveen  the  two,  and  therefore  we  must  lake 
that  into  account  in  comparing  photographs  with  eye  observa- 
tions. The  Italian  expedition  is  the  only  one  from  which 
we  have  got  complete  results  so  far.  Tacchini  went  out  to 
India  solely  to  study  the  obsen-ations  in  view  of  the  next 
transit  in  1882.  Transits  always  go  in  pairs.  We  were  ready  to 
take  a  great  many  excellent  observations  of  this  last  one,  but 
there  are  other  observations,  new  ones,  which  we  were  not  suf- 
ficiently prepared  for.  We  knew  what  to  expect  from  contacts 
observed  with  the  eye  and  what  from  photos,  but  we  did  not 
know  much  about  the  spectroscope,  and  1  have  here  some 
diagrams  wliich  will  give  us  an  idea  of  what  can  be  done  with  the 
spectroscope.  The  Italian  party  did  not  intend  to  determine  the 
parallax ;  but  simply  went  to  study  this  instrument.  We  have 
here  represented  four  different  methods  which  can  be  used  in  the 
transit  of  i88i.  The  first  is  that  of  the  radial  slit.  Here  b  a 
representation  of  part  of  the  sun  and  the  thromosphere  around 
it,  with  a  line  representing  the  &Iii  of  the  spectroscope.  A 
number  of  prisms  disperse  the  light,  and  give  the  solar  spectrum. 
You  have  a  number  of  pictures  of  the  solar  spectrum  in  these 
rooms,  and  the  coloured  photograph  of  the  spectrum  by  M, 
Bccqnerel  is  one  of  the  most  marvellous  things  in  the  exhibition. 
In  that  little  slit  you  have  a  ]>art  of  the  planet,  a  part  of  the 
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^H|diotDspheTe,  and  part  of  the  chromosphere.  ^Vheu  the  light 
is  split  up,  you  only  see  just  the  brightest  line  of  the  chromosphere 
which  is  in  that  part  that  you  are  viewing,  and  the  red  part  of  the 
solar  spectrum.  As  Venus  moves  across  the  sun  at  egress,  that 
dark  portion  which  is  in  the  slit  will  be  spread  out  all  along 
the  spectrum,  and  you  will  see  in  this  red  part  a  dark  band, 
and  that  dark  band  will  steal  across  the  sun  until  at  last  it  com- 
pletely extinguishes  the  sunlight,  and  then  you  have  only  this  little 
tongue  of  the  chromosphere.  By  means  then  of  the  normal  slit 
you  have  a  line  to  observe  for  the  contact,  and  that  line  is 
equally  good  for  ingress,  for  the  first  contact,  and  for  the  last  con- 
;ss  the  planet  first  extinguishes  the  upper  part  of 
!  chromosphere,  an<l  at  last  comes  down  to  the  photosphere. 
It  if  instead  of  placing  the  slit  normally  you  place  it  tangentially, 
you  may  take  in  merely  the  chromosphere ;  and  if  you  disperse 
the  light  rery  much  indeed,  you  can  exclude  the  photosphere 
aliogetbet  from  the  field  of  view,  and  have  merely  a  line  of  light, 
which  it  is  easy  to  keep  exactly  tangent  to  the  photospheie,  and 
H;tl)en  you  will  see  the  planet  creep  along  that  line  and  can 
Bkdetemune  the  contact  very  accurately  imleed.  That  was  the 
■-nwthod  adopted  by  Tacchini,  who  headed  this  expedition  last 
year.  There  is  another  method  roughly  represented  here ;  the 
sanie  slit  taking  in  not  merely  the  chromosphere  but  part  of  the 
sun  ;  you  see  the  curvature  of  the  sun  ;  liiat  is  meant  for  a  small 
drtpersioQ  and  a  small  telescope,  whilst  the  other  is  for  a  large 
teIesco|>c.  Here  you  have  the  chromosphere  and  the  sun  enter- 
ing together,  and  therefore  there  is  a  certain  amount  of  stray 
"  [hi  which  interferes  ver>'  much  with  the  obsenation ;  but  1  think 
e  you  can  manage  to  get  a  very  good  observation  with  it. 
Kchini  has  obtained  by  this  system  results  differing  very  con- 
(ably  from  the  eye  observations,  and  that  has  cotifirracd 
:  very  important  discovery,  that  the  diameter  of  the  sun  as 
1  through  the  spectroscope  is  not  the  same  as  seen  through 
ordinary  telescope.  The  explanation  seems  to  me  very 
mple,  viz.  that  the  foundation  of  the  chromosphere  is  sufficiently 
Tid  to  act  upon  our  retina,  and  therefore  we  see  ordinarily 
1  merely  the  photosphere,  but  also  a  certain  portion  of  the 
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chromosphere,  and  ihe  whole  visible  disc  of  the  sun  is  made  up 
of  the  photosphere  and  a  small  portion,  the  brightest  portion, 
of  the  chromosphere  ;  whereas  the  spectroscope  cuts  off  the 
chromosphere  entirely,  and  gives  you  merely  the  photospherci 
which  would  therefore  be  a  little  smaller.  They  found  that 
the  contact  was  earlier  by  s  minutes  ii^  seconds  in  both  these 
observations  than  by  the  eye  observations,  that  their  sun  was 
smaller  as  it  were,  and  therefote  the  planet  came  to  the  edge 
of  their  sun  before  it  came  to  the  edge  of  the  sun  as  seen 
through  the  telescope  at  egress. 

There  is  another  method  of  using  the  spectroscope  represented 
here,  viz.,  that  of  Padre  Secchi.  When  I  was  passing  through 
Rome,  on  my  return,  I  went  to  see  the  observations  as  taken  by 
Respighi,  and  also  by  Secchi,  and  I  was  very  pleased  indeed 
with  the  results  of  both.  Secchi's  method  is  to  place  a  large 
prism  in  front  of  his  object-glass.  Now  a  large  prism  in  front  of 
an  object-glass  is  not  a  thing  every  person  can  purchase  for 
experiment,  seeing  it  would  cost  a  very  fair  sura  of  money, 
say  £,^0^  or  jC2ao.  But  if,  instead  of  that,  you  lake  a 
perfect  direct  \-ision  spectroscope,  and  place  that  in  front  of  the 
slit,  you  can  gel  the  same  result.  I  tried  mine.  I  do  not  know 
whether  it  is  a  perfect  one,  but  it  gave  me  perfect  results.  I  got  a 
red  image  of  the  sun  with  the  raj's  of  the  spectrum  crossing  that 
image,  and  I  got  the  bright  lines  of  the  chromosphere  outside 
at  the  same  lime.  By  these  means  you  can  watch  the  planet 
as  it  crosses  the  chromosphere  and  get  the  external  contact  very 
accurately  indeed.  In  the  course  of  my  explanations  I  have 
passed  over  some  names  I  ought  to  have  mentioned,  but  1  have 
done  so  simply  for  want  of  time.  I  trust  this  will  be  considered 
sufficient  excuse)  as  I  have  already  detaiued  you  beyond  the 
usual  hour. 


TELEGRAPHY. 
Bit  Mr.  W.  H.  Preece,  M.I.C-E.,  etc 

June  ijik,  1S76. 

t  Chair  was  taken  by  the  Right.  Hon.  Lton  Playfair,  C.B., 

F.R.S.,  MP. 
■  Chairuan  :  Ladies  and  gentlemen,— I  have  the  pleasure 
f  tntrodadng  to  you  Mr.  Preece,  who,  as  one  of  the  Electricians 
of  ihe  Genera]  Post  Office  which  has  now  charge  of  the 
lelcgraphs  of  ihe  country,  is  admirably  fitted  to  explain  the 
electric  apparatus  now  before  us. 

Mr.  PRSECE  :  ladies  and  gentlemen, — This  collection  contains 
the  grandest  display  of  telegraphic  apparatus  that  has  ever  been 
brought  together.  It  is  quite  impossible  in  this  room  to  demon- 
strate that  apparatus  to  you.  but  1  hope  by  indoctrinating  you  to 
a  small  extent  into  the  principles  of  telegraphy  to  enable 
you  to  appreciate  the  character  of  the  small  apparatus  that  is 
found  in  the  cases  downstairs. 

What  is  telegraphy?  It  is  the  art  of  conveying  to  distant 
places  by  the  aid  of  the  ear  or  the  eye  the  first  elements  of  written 
language.  It  does  not  convey  from  place  to  place  ideas,  but  the 
letters  of  the  alphabet  and  numerals,  so  that  llie  different  systems 
of  tel^raphy  simply  consist  in  the  different  ways  in  which  the 
letters  of  the  alphabet  are  formed.  When  that  is  done  by 
electricity,  we  have  the  electric  telegraph.  The  alphabet  must 
be  formed  in  such  a  way  as  to  appeal  to  the  mind  through  the 
senses,  and  the  two  senses  that  are  used  are  those  of  sight  and 
of  hearing.  Owing  to  the  peculiar  construction  of  this  room, 
and  the  difficulty  of  rendering  visible  to  you  the  smalt  appa- 
ratus that  is  used  for  telegraphy,  I  have  selected  to-night  the 
tLislic  system  ;  that  is,  that  system  which  appeals  to  the  ear. 
: 
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Now,  how  can  we  form  an  alphabet  by  means  of  sound  ?  If 
you  lisleo  to  a  piece  of  music  you  will  find  that  there  we  have 
sound  divided  into  periods  varying  in  duration,  separated  from 
each  other  by  spaces  of  silence,  and  also  varying  in  tone,  so  that 
every  little  boy  who  whistles  'Tommy  make  room  for  your 
Uncle,'  performs  precisely  the  same  operation  as  we  do  in 
telegraphy,  that  is,  he  di^^des  sound  in  such  a  way  as  to  produce 
varying  degrees  of  tone  and  varying  periods  of  tiinc.  Now,  we 
cannot  in  telegraphy  make  use  of  all  those  variations  of  lone ; 
we  are  reduced  to  simply  two  notes — one  called  a  dot,  which  is 
equivalent  to  a  quaver  in  music ;  and  the  other  called  a  dash, 
which  is  equivalent  to  a  crotchet.  In  order  to  illustrate  this 
to  you  I  have  taken  the  homeliest  instrument  that  I  can  find, 
which  is  nothing  more  than  a  penny  whistle.  I  am  not  going  to 
frighten  you  with  "  ihe  vile  squeakings  of  the  wry-necked  fife,"  as 
Shakspeare  calls  the  pipe,  but  I  will  simply  show  you  how,  with  a 
simple  pipe,  we  can  produce  two  sounds  that  can  be  formed  into 
an  alphabet.  The  first  is  what  we  call  a  dot— a  short  qujck  sound ; 
the  second  is  a  dash — a  more  prolonged  sound.  (The  Lecturer  then 
illustrated  the  mode  in  which  the  different  letters  of  the  alphabet  are 
produced  by  means  of  long  and  short  soimds.)  Of  course  we  do 
not  in  telegraphy  use  such  an  exquisite  apparatus  as  the  penny  pipe, 
we  use  something  that  is  perhaps  more  scientific,  but  certainly  not 
more  convincing  to  the  mind  that  we  can  make  alphabets  out 
of  sound.  Instead  of  taking  a  pipe,  here  is  a  little  apparatus 
which  is  now  sold  in  the  streets  of  London  for  sixpence, 
called  a  pocket  snapper,  and  it  will,  I  hope,  make  sufficient 
sound  to  be  evident  throughout  the  room. 

Now  I  will  call  your  attention  to  three  facts  ;  the  first  is 
that  we  have  a  dot ;  the  second  is  that  we  have  a  dash;  and  the 
third  and  most  important  is  that  these  dots  and  dashes  are  sepa- 
rated from  each  other  by  spaces  of  time.  There  are  three  spaces  : 
the  space  separating  the  elements  of  a  letter,  the  space  separating 
the  letters  themselves,  or  the  elements  of  the  word,  and  the  space 
separating  the  words,  or  the  elements  of  a  sentence^  And  the 
telegraphic  alphabet  based  on  this  principle  consists  essentially  of 
dots  and  dashes  and  these  three  spaces,  On  this  diagram  is  a 
representation  of  the  same  facts,  appealing  to  the  eye,  that  is,  the 
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Iphabet  as  constructed  of  these  dots  and  dashes.  A  .  — ; 
b  —  ...;c  —  .  —  ,;  d  —  ..;  e.,  and  so  on.  All  the  letters 
of  the  alphabet  are  thus  formed  with  dots  and  dashes,  and  they 
are  so  apportioned  as  to  give  the  smallest  number  of  signals  to 
those  letters  which  are  most  frequently  used  in  the  English 
language.  For  this  purpose  we  went  to  the  printer's  fount,  and 
Uwre  we  found  that  the  letter  most  frequently  used  was  the 
letter  e,  and  consequently  to  this  letter  was  given  the  one  dot. 
The  letter  /  was  given  two  dots.  To  /  one  dash,  to  »n  two  dashes, 
and  so  on  throughout  the  alphabet  you  will  find  that  the  letters 
that  are  most  frequently  used  have  the  smallest  number  of  signals, 
whilst  those  which  are  less  frequently  used  have  the  greatest 
number ;  but  even  in  the  case  of  s,  u,  and  y,  and  those  letters  that 
are  seldom  used,  in  no  case  is  it  e\'er  necessary  toexceed  four  signals. 
Such  being  the  way  in  which  an  alphabet  is  made,  how  is 
it  possible  that  we  can  form  the  letters  of  an  alphabet  at  distant 
places?  If  John  Smith  is  in  York,  how  can  he  record  the  signs 
of  the  alphabet  lo  William  Henry  in  Southampton  ?  To  do  this 
we  must  have  some  means  of  producing  a  force  that  shall 
effect  our  object ;  we  must  have  a  means  for  rendering  this  force 
evident  lo  the  senses,  and  we  must  have  a  means  for  conveying 
this  force  from  the  one  point  to  the  other.  I  am  going  to  dwell 
but  very  briefly  on  the  first  point,  that  is,  the  means  for  the  pro- 
duction of  this  force,  because  I  take  it  that  in  these  days  of  en- 
lightened education  everybody  knows  something  of  a  common 
galvanic  battery  ;  such  a  battery,  as  you  all  know,  consists  simply  of 
a  piece  of  copper  and  a  piece  of  zinc  placed  in  a  cell,  which  are 
there  exposed  either  to  the  action  of  sulphuric  or  some 
other  acid.  These  cells  are  formed  generally  for  telegraphic 
purposes  in  troughs  such  as  I  have  here.  This  is  an  ordinary 
lel^raphic  battery  consisting  of  twelve  of  these  cells,  and  by 
combining  and  uniting  these  in  different  numbers,  we  are  able  to 
produce  currents  of  electricity  of  sufficient  strength  to  enable 
OS  lo  transmit  signals  from  one  end  of  England  to  the  other. 
Batteries  are  lo  be  found  in  this  exhibition  of  numerous 
character.  Some  for  producing  motion,  some  heat,  some 
chemical  action.  Every  work  of  every  sort  or  kind  that 
»  done  by  electricity  requires  its  own  particular  battery,  and 
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while  one  sort  is  used  by  Elktngton  for  producing  those  beautiful 
silver  figures  that  we  see,  another  sort  altogether  is  required  for 
telegraphic  purposes.  We  have  plenty  of  these  baneries  under 
the  table,  and  most  of  them  are  of  the  character  of  this  trough. 

Currents  of  electricity  can  be  made  evident  to  our  senses, 
either  by  the  production  of  heat,  by  the  production  of  light, 
by  the  production  of  chemical  action,  or  of  magnetism.  To- 
night I  intend  solely  to  bring  to  your  notice  the  effect  of  elec- 
tricity which  produces  magnetism.  The  eiectro-magnet  simply 
consists  of  a  bar  of  iron — in  this  case  two  bars  of  iron — sur- 
rounded by  wire— and  whenever  a  current  of  electricity  is  passed 
through  that  wire  it  converts  the  iron  into  a  magnet.  I  have 
here  some  small  iron  nails,  and  when  I  put  this  iron  amongst 
these  nails,  there  is  no  effect  produced,  but  when  I  pass  a 
current  of  electricity  round  it,  you  ivill  see  it  at  once  catches  up  some 
of  these  nails,  and  when  I  cease  passing  the  current  the  nails  fall. 

We  have,  as  you  see,  here  the  production  of  magnerism.  I  want 
to  make  a  noise  with  thai  production  of  magnerism.  Supposing  I 
take  a  bell ;  in  order  to  strike  that  bell  with  my  hand  I  have  simply 
to  hit  it  with  the  hammer.  Can  I  impart  that  same  motion  to  this 
little  hammer  by  means  of  electricity  ?  I  have  a  little  board,  and 
upon  it  a  piece  of  soft  iron  is  hinged  at  its  two  bottom  ends,  so  that 
when  the  attraction  ofthe  magnet  is  brought  to bearupon  it,  the  bar 
will  make  amotion  similar  to  thai  made  by  my  wrist.  I  lakethe  mag- 
net and  lay  it  flat  near  thepieceofsoft  iron,  and  on  passing  a  current 
around  it,  the  attraction  due  to  magnetism  produces  a  morion 
in  the  iron.  On  putting  the  bell  near  it  and  affixing  a  hammer  to  the 
piece  of  iron,  I  am  enabled  to  produce  sounds.  Instead  of  using 
the  bell  to  convey  to  you  the  alphabet,  I  will  take  another  means. 
Here,  I  have  precisely  the  same  board  with  an  armature  fixed  in 
exactly  the  same  way,  except  that  it  is  hinged  at  its  upper  extremi- 
ties instead  of  its  lower  ones.  I  put  the  magnet  in  the  same 
position,  and  I  can  produce  sounds  not  unlike  those  produced  by 
this  little  snapper,  and  by  these  means  I  can  produce  the  alphabet. 
So  you  see  by  the  simple  production  of  magnetism  in  an  electro- 
magnet of  this  character,  we  can  produce  sounds  which,  by  what  is 
called  the  Morse  system,  convey  the  letters  ofthe  alphabet.     Of 
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n  apparatus  so  large  as  I  have  show-n  you,  constructed  to 
t  the  facts  I  have  endeavoured  to  explain  evident  to  you  all, 
t  such  an  apparatus  as  would  be  used  in  a  telegraphic  office. 
e  there  astnallerandsimpler  apparatus,  and  here  (Fig,  i)is 
f  the  identical  instruments  called  a  sounder,  and  is  so  used. 
And  you  mil  see  that 
by  means  of  this  little 
apparatus,  I  am  able  to 
produce  those  sounds 
that  make  up  thealpha- 
beL  Of  course,  merely 
to  produce  contact  be- 
tween two  pieces  of 
order  to  allow 
current  to  follow, 
\  very  clumsy  con- 
ice,  only  fitted  for 
le  lecture  table  ; 
offices  tnore  finished  things  are  used  called  keys,  which  are  of 
various  kinds  and  forms  suited  principaJly  to  the  taste  of  the 

.phist.  

'Hctc  are    several 
iples.       Fig.     3 
iws    the   construc- 
tion   and    mode    of 
working  of  one;  and 
in  Older  to  show  you 
actual  working  of 
ttelegrapli,  we  have 
lished     at     the 
isite  cods  of  this 

two  stations, 
mt,   before  refer- 
to  the  stations, 
must  go   back  to 
point,  and  that 
how  can  we  con- 
▼ey  these  cuirenU  of 
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electricily  from  one  station  to  another?  This  is  simply  done 
by  wires  of  different  kinds  and  characters.  Here  is  a  spedmen  of 
the  ordinary  galvanised  iron  wire  that  you  see  suspended  from 
pole  to  pole  along  our  railways,  upon  our  roads,  and  over  our 
housetops;  and  when  rivers  and  streets  and  other  obstructions 
are  met  with,  we  have  to  surmount  them  by  placing  the  wires 
submarine  or  under  ground  ;  and  here  is  a  specimen  of  the  gutta- 
percha wire  used  all  through  England  for  that  purpose.  Here, 
again,  are  specimens  of  submarine  cables  that  are  used  not 
only  to  cross  rivers  and  tunnels,  but  those  two  coils  that  you  see 
at  the  back  are  two  actual  pieces  of  the  Atlantic  Cable  which  were 
raised  from  a  depth  of  about  2000  fathoms.  You  will  see  by  ex- 
amining the  ends  of  the  cables  that  they  are  all  made  on  precisely 
tne  same  principle ;  a  copper  wire  is  surrounded  by  gutta  percha, 
and  in  the  case  of  our  submarine  wire  it  is  still  further  protected 
by  hemp,  and  outside  by  iron  to  protect  it  from  the  action  of  tides 
upon  rocks,  from  the  action  of  ships  dragging  their  anchors,  and 
from  a  multitude  of  causes  which  render  the  life  of  a  submarine 
cable  very  precarious.  You  will  find  that  these  cables  are 
constructed  of  an  additional  strength  to  meet  cases  of  greater 
danger.  For  instance,  in  the  North  Sea,  where  ships  frequently 
drop  their  anchors,  the  cables  are  made  very  heavy  and  very 
strong,  but  in  deep  water,  where  such  dangers  do  not  exist,  no 
ironclad  protection  is  used  except  when  approaching  the  shore. 
Here  we  have  a  very  interesting  specimen  of  the  very  first  cable 
which  was  ever  submerged,  and  that  is  the  one  connecting  Eng- 
land and  France  from  Dover  to  Calais.  This  cable  was  sub- 
merged in  the  year  1851,  and  I  believe  that  portions  of  it  exist 
in  working  order  to  the  present  day.  It  is  an  interesting 
specimen,  because  in  reality  almost  the  very  first  attempt  that 
was  made  to  lay  a  cable  was  made  with  one  of  the  same  character, 
that  has  formed  the  ^e  of  every  succeeding  cable.  It  would 
seem  that  Mr.  Crampton  and  those  who  assisted  him  in  laying  this 
first  cable  instinctively  jumped  to  perfection  without  passing  through 
those  various  stages  of  education,  experiment,  and  growth  which 
are  found  in  other  branches  of  telegraphy. 

The  great  difficulty  we  have  to  contend  with  in  the  erection  of  iclc 
graph  lines  is  to  pre  vent  Ihepossibility  of  the  current  which  flowsalong 
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e  wires  seeking  the  earth  and  there  becoming  lost  in  imraensily. 
The  first  wire,  which  was  suspended  on  poles  on  the  Great  Western 
line,  was  insulated,  as  it  is  termed,  with  a  simple  quill,  but  it  was 
speedily  found  that  that  was  insufficient  for  the  purpose,  and  little 
earthen  ware  rings  were  next  used  to  support  the  wires,  then  those  were 
found  insufficient,  and  a  larger  kind  instead  was  employed  ;  and  you 
wiU  perceive  on  this  pole  at  the  end  of  the  room  innumerable 
types  of  the  forms  that  have  been  used  at  different  periods.  In 
some  the  wire  is  supported  below  the  arm  and  in  some  above. 
They  all  mark  a  stage  in  the  life  of  the  insulator ;  each  differs  from 
the  other  |)robably  in  a  point  invisible  to  any  one  but  a  skilled 
telegraphist.  But  in  each  case  we  find  that  the  progress  of 
experience  has  been  gradually  attracting  us  as  it  were 
to  that  perfection,  which  however  we  have  not  yet  reached,  in 
the  mode  of  supporting  our  insulators.  In  submarine  cables 
gulta  percha  is  the  materia!  we  use  to  protect  our  wires  from  the 
water  and  the  earth,  and  here  is  an  interesting  specimen  of  what  we 
call  the  fossil  tdfgraph.  It  was  the  first  telegraph  ever  laid 
down  in  the  world  for  practical  purposes,  and  it  was  laid  under  the 
ground  between  Euston  and  Camden  Town.  Five  wires  were 
embedded  in  creosoted  wood  and  the  wires  are  simply  protected  by 
a  coadng  of  hemp.  It  was  found  totally  insufficient  for  the  pur- 
pose, and  drove  our  engineers  to  the  employing  of  iron  wire 
suspended  on  poles. 

Having  thus  shown  you  that  we  have  batteries  to  produce  our 
force ;  that  we  have  soumlers  that  enable  us  to  impress  the  letters 
^of  the  alphabet  upon  the  mind  ;  that  we  have  wires  suspended 
Hlietween  towns  and  cities,  upon  poles,  or  carried  beneath  streets 
^■tad  rivers  by  means  of  gutta-percha,    we   have   all   the  appa- 
Hntits    required    to    construct    and    carry    on    telegraphic    com- 
munication   between  one    point    and    another.      We   have   here 
s  station  which  I  will  call  York,  and  at  the  other  end  of  the  table 
we  have  a  station  which  we  will  call  Southampton.     Now,  I  am  in 
Vork,  and  if  Southampton  wants  to  communicate  with  me,  he  must 
'j  attention.     Every  town  has  a  particular  call,  generally  the 
1  letters  of  the  town.    For  instance,  York  is  YO,  and  South- 
I,  so  that  when  Southampton  wants  to  call  me,  he  will 
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call  me  by  giving  the  letters  YO,  which  in  reality  become 
the  christiaji  and  the  surname  of  the  station  I  am  supposed 
to  be  at.  When  he  has  called  my  attention,  I  reply  by  simply 
saying,  "York  here,"  There  is  a  cJerk  at  that  end  of  thu 
wire,  and  there  is  a  clerk  at  this  end ;  everything  is  prepared 
for  the  transmission  of  the  message  from  one  place  to  the  other. 
Al!  that  we  want  is  the  message,  and  I  have  asked  our  Chairman 
to  be  kind  enough  to  write  out  a  message  which  I  will  hand 
to  Southampton  to  transmit  to  York  for  it  to  be  written  down. 
(The  message  having  been  sent  accordingly.)  This  is  the 
message  : — "  From  Chairman  to  Lecturer,  How  Galvani  would 
have  rejoiced  to  foresee  the  development  of  his  observations  on 
frogs'  "  legs ! "  Now  you  see  that  we  have  there  two  stations 
properly  arranged  for  the  transmission  of  messages ;  there  are 
only  tivo  stations,  one  at  each  end  of  the  wire,  but  there  might 
have  been  5,  4,  6,  or  10  stations  on  the  same  wire  ;  and  I 
have  often  been  asked  how  is  it,  when  there  are  several  stations 
on  the  same  wire,  the  particular  station  for  which  the  message  is 
intended  takes  off  his  message,  and  other  stations  do  not 
get  mixed  up  as  it  were  with  him.  You  must  recollect  that 
when  several  stations  are  connected  together  on  one  wire,  to  them 
space  is  absolutely  annihilated.  They  are  practically  in  the 
same  room.  Just  in  the  same  way  as  I  am  now  addressing  many 
hundreds,  and  every  one  of  you  can  hear  what  I  say,  if  you 
had  been  separated  from  each  other  by  miles  of  wire,  and  I 
had  communicated  to  yoii  by  that  wire,  you  would  as 
much  ha\'e  been  in  the  same  place  as  you  are  now  in  this 
room.  Suppose  we  have  five  stations  connected  together  called 
(1,  h,  c,  d,  and  e,  \i  a  wants  c,  he  must  simply  call  c,  as  yon  saw 
just  now,  and  everybody  else  knows  that  c  is  being  called, 
and  <■  answers  and  everybody  knows  that  c  answers,  Supposing  I 
had  four  boys  before  me.  Jack,  Bill,  Bob,  and  Harry.  If  I 
wanted  Bob,  Bob  would  answer  and  the  others  would  not 
interfere;  they  would  know  1  wanted  Bob  and  they  would  be 
quite  content.  So  with  four  stations  on  the  same  wire,  if 
one  is  called  the  others  know  it,  and  the  one  that  is  called 
attends  to  his  instrument  and  takes  off  his  message,  precisely 
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^^P  the  same  way  3S  that  niessnge  was  taken  off  just  now.  This  is 
the  reason  why  all  stations  have  got  their  christian  and  surnames, 
or,  as  we  call  it,  their  code.  Every  station  throughout  this 
counlry  has  its  code,  and  it  is  by  raeans  of  these  codes  that 

ty  are  called  and  principally  known.  The  code  being  the 
ubination  of  the  first  letters,  as  I  pointed  out  in  the  case 
York  and  Southampton.  In  the  case  of  Liverpool  it  is  LV, 
Manchester  MR,  of  London  TS.  Why  TS?  Because  that 
happened  tu  form  the  initial  letters  of  Telegrapii  Street,  where 
the  central  station  was  6rst  formed.  There  arc  many  Ln's,  Ld's, 
and  Lo's,  so  that  TS  was  adopted  as  the  code  for  London, 
and  in  the  telegraphic  world  London  is  known  very  much  better 
by  the  simple  TS  than  by  London. 

Before  I  show  you  any  fiirther  working  I  want  to  point  out 
to  you  that  inasmuch  as  I  have  been  able,  I  hope,  to  expkiin 
10  you  that  the  letters  of  the  alphabet  can  be  formed  by  sounds, 
so  they  can  be  formed  by  means  of  the  other  senses.  The  same 
principle  precisely  which  gives  yoti  long  and  short  marks,  through 
the  ear,  gives  you,  as  you  see  by  this  diagram,  the  same  marks  by 
the  eye.  It  can  also  be  sent  to  the  receiver  by  the  cleans  of  taste. 
I  will  not  try  the  experiment  before  you,  for  I  know  its  con- 
sequences, but  if  I  were  to  put  one  end  of  this  wire  under 
my  tongue,  and  the  other  end  o\'er  my  tongue,  I  should 
foci  a  very  unpleasant  indication  that  electricity  was  passing  ;  but 
if  I  happen  to  be  on  a  railway,  or  on  an  open  road  where 
the  currents  of  electricity  are  not  ijuite  so  powerful  as  those 
^I  am  using  to-night,  then  it  would  become  perfectly  possible 
^^read  what  is  passing  by  means  of  the  tongue,  which  marks  the 
i  of  long  and  short  duration.  There  are  many 
!  recorded  where  communication  has  been  made  in 
B  way  by  means  of  the  tongue.  Broken-down  trains  have  by 
'.  means  communicated  with  starions,  and  line  repairers  have 
umunicaied  with  their  inspectors.  For  the  same  reason  it  is 
^qtially  possilile  lo  telegraph  by  means  of  the  touch,  because, 
practically,  if  I  hold  the  wire  in  my  hand  I  can  feel  the  currents 
passing  through  me ;  and  if  1  broke  the  wnre  connecting  these 
»  stations  in  two,  and  held  each  wire  in  my  hand,  I  could  feel 
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by  my  sense  of  touch  tliat  currents  are  posing.  It  is  also 
possible  to  telegraph  by  means  of  smell.  I  do  not  know 
that  it  has  been  done,  not  at  least  within  my  own  experience,  but 
we  are  told,  by  no  less  an  authority  than  an  American  paper,  that 
on  the  occasion  of  the  death  of  President  Taylor  the  announcement 
was  sent  all  over  that  vast  continent  by  means  of  telegraph  wires 
and  by  means  of  ever>-  sense.  In  most  of  the  offices  they  read  by 
sight ;  in  many  offices  they  read  by  sound ;  in  others  they  read 
by  means  of  the  touch  ;  and  in  others  by  means  of  the  tongue ;  but 
this  credible  authority  mentions  that  a  blind  girl  succeeded  in 
actually  smelling  the  odour  of  ammonia  which  was  developed  by 
currents  of  electricity  passing  through  a  chemical  compound. 

Now,  I  will  go  to  telegraphs  dependent  on  sight.     The  first 
telegraphs  introduced  in  England  were  telegraphs  based  on  visible 


mitted  some  years  ago  at  Slough,  and  one  of  the  first  purposes  for 

which  the  telegraph  was  einplo)-ed  was  to  capture  the  munlercr. 

The  message  was  sent  litim  Slough,  and  you  will  find  it  engraved 

^Bbd  the  iDstrument.    I  forget  the  exact  words,  but  it  was  Ukt:  this  : 
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"  A  murder  has  been  committed ;  the  murderer  is  supposed  to  be 
a  quaker."  Now,  "  quaker "  is  a  very  difficult  word  to  spell 
without  the  letter  "q."  It  was  spelt  "kwaker,"  and  the  clerk  at 
the  Paddington  end  could  not  make  out  what  the  "  k  "  meant,  and 
the  murderer  was  very  nearly  escaping  in  consequence.  However, 
he  was  caught,  and  nothing  tended  so  much  to  the  notoriety 
of  the  telegraph  as  that  capture  of  the  murderer  Tawell,  in  1845. 
This  instrument  was  used  on  the  Blackwall  railway  in  1840  and 
'42,  and,  by  a  mere  accident,  two  brothers,  statioried  at  differeot 
stations  on  that  line,  found  that  they  could  communicate  with 
each  other  with  only  Hvo  needles,  by  making  use  instead  of  only 
one  deflection  to  the  right  and  one  to  the  left,  of  two  to  the  right 
and  two  to  the  left,  or  two  to  the  right  and  one  to  the  left,  and 
varying  them  in  that  way.  That  at  once  led  to  the  introduction 
of  the  double-needle  instrument,  which  you  see  here. 
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This  instrument — the  Double  Needle,  Fig.  5— is  the  tiarling 
(rf  English  telegraphists.  It  is  the  instrumem  by  which  they  were 
educated  ;  it  is  the  instrnment  that  was  bom  and  bred  in  England, 
but,  unibrtunately,  its  dearest  friends  are  seeing  it  rapidly  disap- 
pear, for  the  simple  reason  that  it  requires  two  wires  to  work  it, 
and,  therefore,  it  becomes  expensive.  But  by  dispensing  with  one 
wire,  and  by  using  precisely  the  same  alphabet  which  I  have 
depicted  to  you  by  sound,  which  is  shown  on  this  diagram  by 
dots  and  dashes,  the  same  alphabet  can  be  formed  upon  this 
single  needle  instrument  by  making  one  movement  to  the  left 
a  dot,  and  one  to  the  right  a  dash  ;  so  that  by  taking  two  iostru- 
ments  of  this  cJiaracter,  and  fixing  them  up  as  I  have  done  here, 
to  represent  two  stations,  I  can  send  a  message  in  the  same  way 
as  before.  Here  you  see  that  by  precisely  the  same  means  we 
appeal  to  the  eye,  as  in  the  previous  case  we  appealed  to  the 
ear.     AVe  appeal  to  the  eye  in  other  ways. 

The  instruments  1  have  shown  you  are  what  we  call  non-record- 
ing instruments.  Their  indications  are  simply  transient — ihey  dis- 
appear. But  there  are  instruments  which  record  upon  paper  these 
dots  and  dashes  that  you  see  on  the  diagram.  Southampton,  at  the 
other  end  of  the  table,  has  an  apparatus  which  thus  records  its  mes- 
sages ;  it  is  called  the  Morse  apparatus,  which  shows  the  letters  aent 
by  mcansof  these  dots  and  dashes;  and  if  our  Chairmanwillbckind 
enough  to  write  another  short  message,  we  will  send  it  in  the  reverse 
direction,  and  we  shall  have  it  recorded  at  Southampton  by  this 
dot  and  dash  alphabet.  Each  station  is  fitted  up  almost  in  the 
same  way.  We  have  a  battery  at  each  station  to  produce  the 
force.  We  have  a  key  at  each  station,  to  e:>able  us  to  manipulate 
the  currents,  and  to  send  them  so  as  to  make  the  leltera  of  the 
alphabet ;  but,  at  one  station,  we  have  a  little  sounder  to  record 
letters,  while  at  the  other  station  we  have  a  Morse  indicating 
laratus  to  record  the  words.  (The  message  was  sent  accord- 
ly,  but  with  some  delay.) 

There  was  a  rather  interesting  operation  performed  before  your 
c)-es.  Owing  to  some  cause,  the  recording  apparatus  at  South- 
ampton had  got  out  of  order,  and  the  cJerk,  finding  tlie  signals 
did  not  come  properly,  asks  his  colleague  at  this  end  of  the  wire 
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to  "  send  v's."  V  is  a  very  convenient  letter ;  it  requires  a  series 
of  dots  and  dashes  in  such  a  way  that  they  enable  the  clerk,  by 
simply  twisting  a  screw  to  adjust  his  instrument,  so  as  to  bring 
out  his  letters  dearly.  The  interruption  is  remedied  and  we  get  this 
message : — '*  The  world  owes  a  vast  economy  of  time  to  \Vheatstone, 
the  illustrious  inventor  of  our  system.**  The  letters  are  all  marked  on 
this  slip  in  ink,  and,  after  the  lecture,  those  who  are  interested  in 
the  matter  will  find  complete  alphabets  worked  off  for  them, 
which  they  will  be  welcome  to  take  away.  There  are  other 
methods  of  recording  these  letters ;  one  is  by  chemical  agency, 
and  we  have  here  one  of  Bain's  chemical  marking  apparatus ; 
but,  inasmuch  as  the  letters  recorded  by  it  are  precisely  identical 
with  those  recorded  in  ink,  I  will  not  delay  you  by  attempting 
to  describe  it 

You  will  notice  that  in  sending  these  messages  the  clerk 
has  to  manipulate  the  keys  by  means  of  his  hand,  and 
this  is  a  tiring  operation.  One,  who  in  the  morning  is  able  to 
send  messages  at  the  rate  of  40  or  50  an  hour,  by  the  afternoon 
finds  that  his  speed  has  been  lowered  about  20  per  cent ;  and  as 
the  day  progresses,  his  speed  becomes  less  and  less.  This  in 
early  days  led  Bain  to  conceive  that  it  would  be  possible  to  send 
messages  by  automatic  means.  He  conceived  that  if  you  took  a 
strip  of  paper  and  punched  holes  or  dots  and  dashes  in  it,  that 
the  paper  so  punched  would  send  the  dots  and  dashes,  and  would 
send  them  witiigreaterregularity  and  with  greater  speed,  and  without 
all  the  defects  of  the  human  machine.  It  was  tried  and  found 
successful ;  but  in  those  days  it  was  not  wanted,  and  it  dropped. 
In  later  days  Sir  Charles  Wheatstone  brought  that  wonderfid 
genius  of  his  to  bear  upon  this  question.  The  time  had  arrived 
when  the  automatic  telegraph  had  become  necessary ;  messages 
increased;  the  demands  of  the  newspapeis  increased;  and  the 
time  had  come  when  automatic  telegraphy  was  a  necessity  of  the 
age.  Bain's  idea  of  punching  was  adopted  by  Sir  Charles 
Wheatstone,  but  it  was  so  altered  and  improved  that  a  totally 
different  apparatus  was  brought  to  light.  Strips  of  paper,  such  as 
I  hold  in  my  hand,  are  punched  with  a  number  of  holes  by  an 
apparatus  which  we  have  here ;  and  this  punched  paper  is  placed 


m  an  apparatus  caJltii  the  transmitier,  and  vhich  in  rtalit)-  is  the 
pan  of  the  apparatus  that  replaces  the  hand.  Instead  of  requiring 
time  to  be  divided  into  these  dots,  dashes,  and  spaces  which 
form  the  alphabet  by  hatui,  this  is  done  for  us  by  means  of  the 
machine,  and  the  result  is  that  we  are  able  to  get  the  greatest  possible 
speed  out  of  our  wttcs.  While  a  clerk  can  only  send  at  the  utmost 
about  40  words  per  minute,  there  is  no  reason  why  this  instrument 
should  not  send  at  the  rate  of  200  words  per  minute,  fn  actual 
practice,  we  do  not  send  more  than  130  words  a  minute,  but  that 
is  due  to  electrical  causes  existing  on  the  line,  independent  of  the 
-  principle  of  the  apparatus  itself.  Instead  of  having  this  trans- 
mitter separated  from  its  corresponding  receiver,  as  we  have 
in  the  other  instruments,  and  the  key  separated  from  its  correspond- 
ing recorder  by  the  length  of  the  table,  I  have  brought  these 
two  instruments  close  to  each  other,  and  by  an  ingenious  con- 
trivance, 1  simply  taJce  the  alphabet  as  it  is  punched,  and  fixing 
it  together,  we  are  able  to  make  this  slip  of  paper  go  round  and 
round,  and  so  record  as  many  Morse  alphabets  as  we 
please.  This  system  is  the  one  most  extensively  used  in 
England.    This  Wheatsione  automatic  apparatus  is  used  to  all 

e  great  centres  of  commerce,  and  to  all  our  st;itions  for 
IS  purposes,  and  it  is  one  of  the  most  valuable  aids  which 
graphic  science  has  received  within  the  List  ten  years.  Its 
inventor  has,  unfortunately,  departed,  but  not  before  he  saw  the 
^its  of  bis  great  genius. 

1  have  only  lime  to  call  your  attention  to  two  other  methods 
^Hftf  telegraphy  very  extensively  employed.    The  first  is  where 
^Bfte    letters    of  the  alph.abet   are    indicated   themselves    in    un- 
^^piistakablc  letters,  by  that  which  is  called  Wheatstone's  A.  B.  C. 
^^Upparatus.    f  Fig.  6.)    It  communicates  \v-ith  another  similar  appa- 
ratus at  the  end  of  the  table.    The  other  instrument  is  probably 
the  most  ingenious  that   we   have;    it  is  called  Hughes'  Type 
Printer.     The    letters  of  the"  alphabet   are   printed  by  it  in 
bold  Roman  type  on  a  strip  of  paper,  and  handed  to  the  receiver 
as  they  are  rolled  off  the  instrument.     We  will  set  the  instru- 
ment going  and  send  a  few  words  by  its  means. 

Lre  other  methods  which  I  cannot  stop  to  speak  of; 
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tween  distant  stations,  such  as  London  and  Cork,  London  and 
Cork  cannot  communicale  with  each  other  at  a  very  great  speed 
unless  we  insert  at  the  middle  point,  Haverfordwest,  an  appa- 
ratus  similar  to  that  which  I  have  here,  which  is  called  a  trans- 
lator ;  and  this  translator  is,  without  exception,  one  of  the  most 
compUcated  pieces  of  apparatus  that  is  used  in  the  telegraphic 
world ;  but  at  ihe  same  time  it  is  of  such  perfection  in  its  opera- 
tion that,  by  inserting  such  an  apparatus  at  Haverfordwest,  be- 
tween London  and  Cork,  we  are  able  to  increase  the  capacity  of 
wires  connecting  tjiose  two  places  by  from  15  to  30  per  cent, ; 
thai  is,  instead  of  being  able  to  send  about  70  or  80  messages  an 
hour,  we  aic  now  enabled  to  send  about  too  or  110. 

Telegraphy  on  a  table  like  this,  and  before  an  audience,  is  com- 
paiatively  a  simple  matter,  but  when  we  come  to  actual  practice 
we  meet  with  disturbances  of  various  kinds.  A  great  enemy  of 
ouis  is  lightning,  which  plays  sad  havoc  with  our  instruments. 
Sometimes  a  needle  instrument  is  burst  to  pieces  as  though  an   ^ 

:plodon — not  as  though,  for  it  is  an  explosion — had  taken  place 
inside  it  These  delicate  apparatuses  are  fused,  and  burnt,  and 
destroyed,  although  we  protect  them  as  much  as  we  possibly  can 
with  lightning  protectors,  but  we  cannot  always  prevent  the  light- 
Ding  committing  damage.  Sometimes  it  also  destroys  our  poles, 
and  here  is  the  top  of  one  which  was  shattered  by  lightning.     'We 

l»e  even  found  the  iron  wire  fused.  Here  is  a  specimen  of  iron 
fused   into  about  &  dozen  different  pieces  by  a  flash  of 


I  could  multiply  cases  where  lightning  has  done 
:  to  a  considerable  extent,  but  I  must  pass  on  to  other 
;  of  disturbance.  Our  wires  are  sometimes  destroyed  by 
ailway  accidents ;  they  are  damaged  by  storms ;  they  are  broken 
down  by  snow,  and  all  these  moving  accidents  by  flood  ant',  field 
attack  us  and  injure  us  at  ail  our  vulnerable  points.  Sometimes 
wires  are  brought  in  contact  with  each  other,  and  curious  cases 
occur.  Fur  instance,  during  one  of  the  snowstorms  we  received  a 
ct>asidei;able  damage  in  London,  where  we  have,  in  addition  to 
the  public  wires  connecting  the  stations,  private  wires.  On  one 
1  after  one  of  those    snowstorms  two  private  wires  were 
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brought  into  contact;  one  belonged  to  a  shipping  firm  and  the 
Other  to  some  other  commerciaJ  house,  I  do  not  remember  what. 
The  shipping  firm  was  very  anxious  to  know  of  the  safe  arrival  of 
a  ship  which  was  overdue  at  Gravesend,  and  on  going  to  the 
office  in  the  morning  the  chief  of  the  firm  heard  the  needle  move, 
and  at  once  went  to  his  instrument,  and  without  "  calling,"  as  you 
saw  just  DOW,  asked  the  question,  "  Is  anything  known  of  the 
'  fearl  of  Devon  '  ?  "  The  answer  be  got  back  was,  "  Go  to  Bath." 
Being  naturally  very  indignant  at  the  head  of  the  firm  being 
treated  in  such  a  way,  he  repeated  his  question,  "  Is  anything 
known  of  the  '  Earl  of  Devon  '  ?  "  and  got  back  the  reply,  "  Yes, 
he  has  just  gone  to  dinner  in  his  stage  coach."  There  is  a 
receiving  house  in  the  City  that  some  of  you  may  know,  called 
'  the  Swan  with  two  necks.'  That  has  a  private  wire,  which 
got  into  contact  with  another  private  wire.  The  owner  of 
the  other  wire  saw  his  instrument  move,  went  to  it,  and  asked 
"  Who  are  you  ?  "  The  reply  was,  "  Swan  with  two  necks."  He 
said,"  If  you  were  a  swan  wth  a  dozen  necks  you  would  be  of  no 
use  to  me."  Of  course  every  precaution  is  taken  to  prevent 
such  accidents,  and  when  you  know  the  innumerable  vicissitudes 
to  which  wires  are  Hable,  you  would  be  surjirised  that  they  are 
so  few.  A  frequent  source  of  trouble  in  the  south  of  England  has 
been  birds.  I  have  known  when  the  swallows  are  preparing  for 
their  homeward  flight  conlacts  frequently  occur  by  swarms  of 
those  birds  settling  upon  our  wires,  and  then  flying  off  with  one 
mind,  and  so  setting  them  all  vibrating  until  they  came  in  contact. 
At  one  time  we  found  it  necessary  to  provide  against  this  by 
keeping  boys  to  frighten  away  the  birds  as  farmers  do  in  their 
wheat  fields,  but  we  got  over  the  difiiculty  by  putting  the  poles  so 
near  each  other  as  lo  prevent  this  vibration,  ^\'e  have  had  two 
or  three  cases  of  a  wire  being  broken  by  a  goose  flying  against  it ; 
of  course  the  goose  came  to  an  untimely  end,  but  it  also  broke 
the  wire.  I  have  pieces  of  wire  in  my  possession  that  were  broken 
in  the  neighbourhood  of  Guildford  in  that  way.  Another  source 
of  trouble  in  gutta-percha  wires  in  our  offices  is  due  to  rats. 
They  frequently  make  holes  through  the  gutta-percha  ;  they  do  not 
seem  to  enjoy  the  gutta-percha  much,  they  simply  gnaw  a  little  hole 


^H   in  it,  and  if 
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in  it,  and  if  perchance  their  noses  touch  the  wire  and  they  experience 
our  acoustic  system,  they  draw  back  astonished  and  probably  dis- 
appear, but  at  the  same  time  even  the  smallest  hole  gnawed  by  a  rat 
in  a  wire  will  frequently,  by  the  action  of  the  current  itself,  eventu- 
ally  produce  a  complete  collapse.     I  have  known  instruments  too 
I  suffering  from  animals  in  peculiar  ways.     In  one  instance  one  of 
those  single  needle  instruments  was  broken  by  a  kitten  playing  with 
it ;  and  I  came  upon  the  following  curious  entry  in  an  old  diary 
belonging  to  a  station  in  Persia,  "  Cannot  adjust  relay ;  scorpion 
on  top  of  relay  barking  like  a  dog." 
[        As    you  are    all    aware,   the    telegraph   is  not   inviolable ; 
terrors  are  made,  and  when  you  see  by  how  little  one  letter  is 
fc  separated  from  another,  it  is  not  to  be  wondered  at  that  mistakes 
'  sometimes    occur.     On     the    old    double    needle    instrument, 
for  mstance,  the  letter  x  and  the  letter  y  are  very  similar  and 
are  sometimes  mistaken  for  each  other.     A  person  telegraphed  to 
a  station-tnaster  that  he  had  left  a  black  box  in  a  carriage  ;  he  got 
a  reply  back,  "  I  cannot  find  the  black  boy  anywhere."    A  lawyer 
had  forgotten  to  lake  with  him  his  wig,  and  he  sent  a  message 
back  home  which  was  delivered,  "  Send  me  my  wife  in  a  band- 
box."   Another  individual  was  going  to  be  presented  at  Court, 
and  had  forgotten  his  corked  hat  ;  the  message  received  by  his 
servant  was,  "Send  me  my  cooked  ham."     All  these  crrore  are 
I  easily  accounted  for,  when  the  letters  of  the  alphabet  are  hastily 
t  iocoirectly  sent.     I  have  on  this  table  put  several  words  which 
e  easily  mistaken  for  each  other,  "  all  "  and  "  fall,"  "  save  "  and 
"hare,"  etc, ;  and  you  can  easily  see  that  when  a  man  sent  a 
message,  "  Send  hack  to  meet  me  at  station,''  the  message  was 
MI.  "  Send  a  sack  to  meet  me  at  the  sLition."     There  is  another 
y  strange  source  of  enor  in  telegraphy,  which  is  one  worthy  of 
the  examination  of  psychologists ;  it  is  a  purely  menial  error.     A 
person  reads  a  message  and  absolutely   conveys  Ihe  distinctly 
opposite  meaning.     For  instance,  there  ate   two  or  three   well- 
sttttienticated  cases  where  the  clerk  had  distinctly  before  him  the 
word  "  Yes  "  and  sent  it  "  No."     I  saw  myself  a  message  which 
announced  the  fact  that    "  Edgar  had  passed."     Edgar  had  pro- 
bably been  through  some  competitive  examination,  and  the  messa^^ 


86. 


TELEGRAPHY. 


sent  was  distinctly,  "  Edgar  has  passed."  The  message  received 
was,  "  Edgar  has  failed."  Now  these  cases  are  fortunately  ex- 
tremely few ;  but  there  is  no  doubt  that  between  the  lime  that  a 
clerk  reads  the  word  upon  his  form  and  the  time  that  he  sends  it 
upon  his  instrument,  there  is  a  mental  operation  that  passes  in  his 
mind  which  exactly  reverses  the  meaning  of  the  word  he  wants  to 
send. 

Another  source  of  error  is  due  to  a  s)'stem  which  we  are  obliged 
to  introduce,  by  which  words  are  taken  down  by  a  species  of 
shorthand  writing.  In  press  messages  and  long  messages,  a  system 
of  abbreviation  based  very  much  on  the  shorthand  system  is  used ; 
but  there  are  certain  conventionalities  adopted  between  clerks 
themselves  that  are  very  curious ;  for  instance,  the  word  "  children  " 
when  frequently  occurring  is  indicated  by  k-ds,  meaning  "  kids." 
One  of  our  leading  politidans  delivered  a  speech  on  the  educational 
question  to  a  meeting  in  another  part  of  the  country,  and  he 
frequently  spoke  of  "  the  religious  education  of  our  chUdren." 
This  was  sent — "  kids,"  and  thus  appeared  in  our  leading  journal, 
sometimes  repeated  in  inverted  commas  "  the  religious  education 
of  our  '  kids.'  "  Of  course  the  member  of  Parliament  was  naturally 
irate  at  the  insertion  of  such  grotesque  vulgarisms  in  his  speech. 
An  explanation  was  given  of  how  it  arose,  and  of  course  the 
opportunity  was  taken  to  forbid  or  slop  a  system  of  abbrevia- 
tion based  on  such  an  erroneous  principle.  Another  very  curious 
mistake  was  made  in  a  speech  of  no  less  a  person  than  one  of 
our  archbishops,  1  am  not  sure  which.  In  a  speech  he  is  re- 
ported to  have  said,  "  The  Post  Office  Telegraphs  were  the  best 
exposition  of  the  opinions  of  the  age."  The  "  Post  Office 
Telegraphs  "  had  been  signalled  instead  of  "  the  Poet  Laureate." 
I  could  multiply  these  cases  to  any  extent,  but  I  merely  wish 
to  point  out  to  you  how  such  errors  are  produced,  because 
although  ihey  occin-  I  don't  think  that  any  great  fault  can  be 
attributed  to  those  who  make  them.  You  must  see,  from 
what  1  have  shown  you,  that  any  system  of  telegraphy  based 
upon  a  system,  the  accuracy  of  working  of  which  depends  entirely 
upon  uninterrupted  attention,  upon  closely  applied  skill,  and  upon 
great  talent,  must  be  liable  to  occasional  errors  \  and  if  a  com- 
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pansoD  were  made  bet^veen  the  percentage  of  errors  and  the 
enormous  number  of  messages  that  are  sent,  great  credit  must 
be  given  to  the  telegraph  clerks  of  this  country  who  make  so  few. 
Of  course  when  an  error  of  this  kind  is  made,  it  is  at  once 
made  the  most  of.  The  person  who  suffers  from  the  error  is 
oaturatly  loud  in  his  complaints,  and  naturally  therefore  errors 
attract  a  great  deal  of  attention.  I  am  not  sure  what  the  present 
percentage  is,  but  a  short  time  ago  it  was  not  one  error  in  ten 
thousand  messages,  and  my  impression  is  that  the  proportion 
has  very  much  decreased-  At  the  present  time  we  are  unfortu- 
nately not  in  a  position  to  obtain  an  accurate  account  of  the 
ratio  that  exists,  but  at  any  rale  the  percentage  of  errors  is 
extremely  small. 

Many  of  you  have  probably  from  some  distant  point  observed 
.■ome  grand  old  battlement  or  castle  covered  and  coated  with 
creeping  ivy.  If  it  were  possible  for  us  to  transport  ourselves 
to  some  distant  place,  and  survey  this  grand  old  globe  of  ours, 
we  should  firul  it  similarly  enclosed  with  a  network  of  wires. 
In  the  case  of  the  old  castle,  centuries  elapsed  before  this 
creeper  enveloped  its  ruins,  but  in  the  case  of  this  world  it 
has  l>cen  enveloped  during  our  own  lifetime.  Thirty  years 
only  have  passed  from  the  time  when  commercial  telegraphy, 
first  took  its  start  to  the  present  day;  and  when  I  first  com- 
menced my  telegraph  career,  there  were  fewer  messages  sent 
in  a  year  throughout  the  whole  of  the  world  than  are  now  sent 
in  one  day  through  the  Postal  Telegraph  service.  That  battle- 
ment to  which  1  alluded  tells  tales  of  the  horrors  of  war,  but 
this  network  of  ours  tells  a  tale  of  the  blessings  of  peace.  The 
greatest  civiliser  in  the  world  is  the  telegraph.  But  for  our  wires, 
the  probability   is   that  now  we  might  have  been  at  war  with 

issia.     If  we  had    had    wires    in    the   days    of  the   mutiny  in 

idia,  how  soon  would  that  mutiny  have  been  quelled?  It 
Stopped,  probably,  differences  between  England  and  America,  and 
its  great  tendency  is  by  bringing  together  into  one  space  all  the 
fatnilies  of  the  globe  to  produce  peace  and  harmony. 

The  Chairman:  There  remains  htile  for  us  but  to  return 
thanks  to  Mr.  Preece  for  his  admirable  lecture.  It  is  rather  as- 
lOQUhing  to  several  of  us,  as  I  see  few  faces  as  old  as  myself 
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pieseot,  that  we  have  lived  through  three  of  tbe  discoveries  with- 
out which  life  would  seem  t)ow  almost  unendurable.  \Vhen  I 
was  young  there  was  no  means  of  getting  instantaneous  light 
ejuxpt  the  tinder  box ;  there  was  no  means  of  getting  from  one 
part  of  England  to  the  other  except  the  stage  coach ;  and  there 
was  no  means  of  communicating  your  thoughts  except  through 
the  medium  of  the  Post  Office.  Now  all  this  has  been  changed, 
and  the  most  remarkable  of  the  changes  is  the  telegraph.  Just 
consider  what  a  difference  it  has  produced !  The  most  remark- 
able case  of  speed  which  is  recorded  by  our  ancestors  was  after 
the  death  of  Queen  Elizabeth,  when  the  sister  of  one  of  the 
courtiers  threw  out  a  signet  ring  to  show  that  she  had  died.  The 
courtier  galloped  off  with  relaj's  of  horses  to  Edinburgh  to  tell 
James  he  was  King  of  England,  and  he  managed  by  wonderful 
exertions  to  do  that  in  less  than  three  days.  Now,  a  message 
d>uld  have  been  communicated  long  before  he  could  have 
saddled  his  horse.  The  economy  of  time  is  perfectly  wonderful. 
The  "  tricksy  Ariel  girdling  the  globe "  is  nothing  compared 
with  the  speed  of  the  telegraph ;  and  what  is  the  most  remark- 
able thing,  which  perhaps  does  not  strike  us  all  at  once,  is  the 
wonderful  economy  of  time  it  produces  to  a  nation.  Just  for  an  ' 
instant  try  and  realise  what  it  is  with  regard  to  England  !  All 
commercial  and  manufacturing  meu  say  that  the  telegraph  saves 
about  half  a  day's  time  in  the  economy  of  production.  Now 
there  are  twenty  millions  of  telegrams  sent  annually  in  this 
country,  which  represent  ten  millions  of  days  in  economy  of  time. 
Divide  that  by  365,  and  find  out  how  many  years  of  economy 
is  compressed  into  a  single  year  in  this  country.  No  less  than 
27,000  years  are  compressed  into  a  single  year.  About  three  or 
four  times  the  time  occupied  in  the  history  of  the  world  as  ordinarily 
regarded,  we  get  in  economy  of  time  concentrated  into  a  single 
year  by  this  wonderful  communication.  Therefore  it  is  very  inter- 
esting that  we  have  in  this  exhibition  such  an  excellent  display  as 
there  is  of  all  these  modem  instruments,  and  of  those  discoveries 
which  have  been  developed  in  such  a  few  years,  and  no  one  is  better 
fitted  than  our  Lecturer  to  explain  them  to  a  general  audience. 
I  am  sure  that  you  will  agree  with  me  that  we  ought  to  return 
our  hearty  thanks  to  Mr.  Preece  for  his  very  interesting  lecture. 


PHOTOGRAPHIC    PRINTING    PROCESSES. 

Bv  Capt.  Abney,  R.E.,  F.R.S.  ' 

Saturday,  yune  i^h,  1876. 

s  taken  by  Mr.  Wm.  Spottiswoode,  Treas.  R.S. 
fe'T^E  Chairman  :  I  will  not  detain  the  meeting  by  any  lengthy  intro- 
fjdnaioD,  but  will  at  once  call  upon  Captain  Abney  for  the  lecture 
Vlriiich  he  has  been  kind  enough  to  promise  us  this  evening.     It  is 
•■  doubtless  well  known  to  you  that  Captain  Abney  is  not  only  a 
P  distinguished   officer   of  the   British  Army,    but   he    is    equally 
I  distinguished  in  the  arts  of  peace  and  science.     He  was  recently 
1  char^  of  one  of  the  many  parties  sent  from  this  country 
I  to  observe  the  transit  of  Venus.     And  on  this  service  his  own 
observations  have  been  of  the  highest  imjiortance,  and  are  cal- 
culated to  bear  valuable  fruits  in  the  growth  of  science.     I  will, 
therefore,  without  further  introduction,  beg  to  introduce  to  you 
Captain  .^bney. 

Captain  Absct  :  Ladies  and  gentlemen,  it  is  not  my  intention 
to  enter  into  the  hislorj'  of  any  of  the  processes  to  which  I 
propose  to  call  your  attention  to-night,  as  I  somewhat  dread  to 
enter  upon  such  controversial  ground.  Probably  the  demonstration 
of  the  production  of  photographic  prints  by  various  methods  will 
be  of  greater  interest  than  any  history. 

Astronomy  was  the  religion  of  the  world's  infancy  ;  and  it  can 
hardly  be  a  matter  of  surprise  that  untutored  yet  inquiring  minds, 
unaided  by  any  distinct  revelation,  should  have  attributed  to  the 
glorious  orb  the  centre  of  our  solar  system  the  possession  of 
divine  attributes,  and  as  they  ga^ed  upon  the  wondrous  effects 
of  his  magical  painting,  that  they  should  have  offered  to  him  their 
adoration  and  worship,  and  carefully  noied  any  phenomena  due 
^i    to  him.    Thus  probably   the   first   photographic  action  noticed 
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WQiild  be  at  a  verj-  early  period  of  human  existence,  when  it  was 
found  that  the  exposure  of  the  epidermis  to  his  rays  caused  what  is 
known  to  us  as  tan.  For  instance,  if  any  of  you  have  a  ring  on  your 
finger,  and  you  do  not  wear  gloves,  you  soon  find  when  the  days 
are  bright  the  skin  will  become  tanned,  and  the  skin  underneath 
your  ring  m'll  be  perfectly  white. 

Another  photographic  action  which  would  be  remarked  at  a 
later  dale  would  be  the  fading  of  colours  in  the  sunlight.  Ribbons, 
silks,  cottons,  and  similar  fabrics  of  a  coloured  nature, 
undergo  a  change  in  rint  when  exposed  to  it,  and  it  is  no 
uncommon  thing  for  a  correct  likeness  of  a  bow  to  be  imprinted 
by  the  light  on  a  ribbon  beneath  it.  I  have  here 
a  specimen  of  a  pink  trimming  used  by  the  fair  sex ; 
and  the  lady  who  presented  me  with  it  told  me  that  the  colour 
went  after  two  days'  wear  in  the  sun.  I  thought  this  a  capital 
opporttmity  for  trying  to  get  a  photographic  image  on  such  a 
quickly  fading  material,  and  I  have  here  two  of  the  results.  The 
first  was  exposed  under  a  negative  of  an  anatomical  subject  for 
twelve  hours  in  the  sun,  and  on  examining  it  you  will  find  that 
the  parts  exposed  to  the  light  are  quite  white,  and  we  have  the 
picture  of  the  subject  represented  as  white  on  a  pink  ground. 
The  other  subject  is  a  map.  The  pink  stutf,  with  a  map  placed 
above  it,  was  exposed  to  the  full  action  of  the  sun 
for  twelve  hours,  and  we  have  a  representation  of  the  map  in 
pink  lines  on  a  whitish  ground.  This  pink  colour,  we  may 
say,  is  impressionable  to  all  sunlight,  and  the  action  of  that 
light  is  visible  when  the  fabric  has  been  exposed  for  about  twelve 
hours.  Mauve  ribbons,  as  some  ladies  know,  will  fade  in  an  equally 
short  lime  ;  and  had  I  had  more  time  I  have  no  doubt  I  should 
have  been  able  to  give  you  specimens  of  prints  in  every  colour. 
The  general  idea  amongst  the  fair  sex  seems  to  be  ihat  the  colours 
are  given  off  somewhat  in  the  same  way  thai  scenl  is  given  off 
from  the  rose,  but  1  am  afraid  we  cannot  endorse  that  opinion, 
because  if  it  were  so,  they  would  fade  whether  exposed  to  tbe 
light  or  not.  There  are  other  bodies  also  with  which  we  are 
familiar,  which  are  sensitive  to  light.  1  will  take,  as  an  example, 
common  glass.     My  Inend  Mr.  Dallmeyer  has  some  spedmens  of 
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glass,  some  flint  and  some  crown,  which  were  exposed  during 
two  or  three  years  to  action  of  light ;  half  being  covered  up  and 
half  being  exposed  to  the  action  of  the  sun's  rays.  That  part  of 
tbe  flint  glass  which  has  been  exposed  to  the  action  of  the  sun's 
nys  has  turned  a  yellow  colour,  and  that  part  of  the  crown  glass 
■hidi  has  been  exposed  to  the  sun  has  turned  a  purple  colour. 
Therefore  you  see  substances  which  we  should  think  most  ud- 
Hteljr  to  change,  will  change. 

The  bodies  which  change  rapidly  in  the  light,  however,  are 
■inisc  which  are  really  the  mosfuseful  in  photography.  The  best 
^4  most  prized  amongst  these  are  the  compounds  of  silver, 
(or  they  are  peculiarly  sensitive.  Nearly  every  salt  of 
silver  is  more  or  less  changed  by  light,  and  when  I 
say  changed,  I  n)ean  altered  in  composition.  When  we  come  to 
consider  what  light  really  is,  we  can  better  understand  its  action. 
Light,  as  experiment,  confirmed  by  mathematical  analysis,  tells 
us,  ii  oused  by  a  series  of  waves  issuing  from  the  luminous  source, 
not  tmnhling  indeed  in  our  atmosphere,  but  in  a  subtler  and 
infinitely  less  dense  medium  which  pervades  all  space — known  as 
th«  luminiferous  ether.  The  waves  batter  against  any  substance 
exposed  to  their  force,  a  good  many  millions  of  them  striking  it 
ever)-  second;  and  surely  it  is  not  surprising  to  think  that,  small 
as  these  waves  are,  yet  that  their  persistent  battering  should  in 
iOme  instances  be  able  to  effect  a  decomposition.  Take  as  a 
type  that  salt  of  silver  which  was  perhaps  the  salt  of  silver 
first  known  to  change  in  the  presence  of  light — chloride  of 
sQvcr.  We  may  represent  chloride  of  silver,  for  our  purpose,  as 
made  up  of  two  atoms  of  silver  locked  up  with  two  atoms  of 
chlorine.  Now,  when  light  acts  on  these  four  atoms,  some  of  the 
waves  encounter  a  resistance  to  their  siring.  They  beat  against 
them  so  energeticaly  and  persistently  that  they  liberate  one  of 
the  atoms  of  chlorine,  and  leave  the  two  of  silver  and  the  one 
of  chlorine  behind,  forming  a  dark  bluish-brown  compound  known 
as  the  subchloride  of  silver.  I  will  get  Quartermaster-Sergeant 
Doyle  to  expose  some  of  the  chloride  of  silver  to  the  action  of  the 
light  produced  by  magnesium  wire,  and  you  will  see  that  a  blacken- 
g  ensues.     Suppose  I  place  a  piece  of  paper  impregnated  with 
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chloride  of  silver  beneath  a  body  partially  transparent  and  partially 
opaque  (such  as  this  piece  of  glass  with  black  lines  upon  it), 
and  then  place  it  in  the  light,  I  shall  get  an  image  of  the  lines  in 
the  while  chloride  of  silver,  and  an  image  of  the  transpapeni  parts 
in  the  dark  subchloride  of  silver.  Of  course,  if  I  removed  the  paper 
from  beneath  the  glass,  the  chloride  of  silver  composing  the  white 
lines  would  blacken  in  the  light,  and  the  image  would  disappear. 
Fortunately  for  jjhotography  it  was  discovered  by  Sir  John 
Herschel  that  the  chloride  of  silver  was  dissolved  by  a  salt 
known  as  sodium  hyposulphite,  sO  that  by  appljnng  a  solution  of 
this  salt,  the  sensitive  salt  of  silver  was  dissolved  away.  It  also 
attacks  the  subchloride  of  silver,  taking  away  one  atom  of 
silver  and  one  atom  of  chlorine  from  the  two  atoms  of  silver  and 
one  of  chlorine,  and  leaves  one  atom  of  metallic  silver  behind. 
Now,  the  action  of  light  upon  this  chloride  of  silver  can  be  very  well 
demonstrated,  as  a  laboratory  experiment,  if  we  take  pure  chloride 
of  silver  in  a  test  tube  in  which  there  is  a  little  distilled  water,  and 
expose  it  to  the  action  of  light.  The  silver  salt  ^vill  blacken  ;  and 
if  you  analyse  the  water  afterwards  and  apply  the  proper  tests, 
you  will  find  the  presence  of  chlorine  in  the  water,  showing  that 
the  chloride  of  silver  has  been  decomposed  into  the  subchloride  and 
chlorine.  In  our  ordinary  silver  prints  we  have  other  bodies 
present  in  the  paper  besides  the  chloride  of  silver.  I  have  here 
a  body  known  as  albumen  which  is  f&und  in  the  white  of  e^.  If 
I  take  this  albumen  and  drop  into  it  some  nitrate  of  silver,  I  shall 
get  albuminate  of  silver  formed,  which  is  a  while  curdy  precipitate 
and  is  also  sensitive  to  the  action  of  light.  If  then  paper 
be  floated  on  a  solution  of  albumen,  which  has  been  previously 
impregnated  with  chloride  of  sodium,  and  then,  when  dry,  be  floated 
on  a  solution  of  nitrate  of  silver,  we  shall  get,  by  what  is  known 
to  chemists  as  double  decomposition,  chloride  of  silver  and  albu- 
minate of  silver  upon  the  surface  of  the  paper,  and  this  when 
dry  is  ready  for  printing.  I  have  here  a  picture  which  has  been 
printed  in  this  way  on  albumenised  jjaper.  A  coaling  of  albuminate 
and  chloride  of  silver  has  been  given  to  it,  and  it  has  been 
exposed  to  the  light.  If  I  immerse  this  in  a  solurion  of  hyposul- 
phite of  soda,  we  shall  find  that  the  colour  becomes  very  dis- 
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'eeable ;  it  is  a  foxy  red  which  is  unpleasant  to  the  sight  and 
be  called  inartistic.     In  order  to  get  over  that  ilifticulty, 
itographers  have  had  resort  to  a  method  of  gilding  the  silver 
igeby  immersing  the  print  in  aneulral  solution  of  chlorine  of  gold. 
le  gold  precipitates  upon  the  silver,  and  we  get  an  image  formed 
silver  and  gold.     Gold  when  precipitated  in  a  very  fine  state 
not  of  the  yellow  colour  with  which  we  are  ordinarily  accus- 
icd  to  associate  it,  but  of  a  bluish-green  tint,  and   the  effect 
minute  particles  of  gold  when  precipitated  from  a  solution  of 
of  gold  is  to  colour  the  silver ;  the  red  colour  of  the  silver 
■■oxide  and  the  bluish-green  of  the  gold  mix  together  and  give 
us  an  agreeable  tone,  such  as  we  have  here.     One  portion  of  our 
picture  has  been  immersed  in  the  toning  bath  and  the  other  has 
Both  have   been   immersed    in    the   hyposulphite  of  soda 
ilution.    You  see  the  difference  ir^  colour  between  the  two. 
I  dare  say  some  of  you  may  recollect  that  a  few  years  ago 
lere  was  a  great  demand  for  certain  photographs  which  were 
led  inagic  photographs.     They  were  originally,  I  believe,  sup- 
led  in  packets   containing  directions  how  to  produce  them; 
usually  stated  that  a  piece  of  the  blotting-paper  which 
was  enclosed  in  the  packet  was  to  be  damped,  applied  to  another 
piece  of  paper  on  which  a  photograph  was  10  appear,  and  that  after 
such  application  an  image  would  start  out,     I   (vill  endeavour 
lo  show  you  how  those  magic  photographs  were  prepared.     Here  1 
have  a  print  which  has  been  washed  and  immersed  in  a  bath  of  hypo- 
sulphite of  soda,  and  I  am  now  going  to  plunge  it  into  a  solution 
chloride  of  mercury,    1  gradually  find  that  the  image  begins  to 
le.    What  has  happened  ?    The  chloride  of  mercury  combines 
the  silver  to  form  a  white  salt  which  is  indistinguishable  from 
surface  of  the  paper.     I  have  one  here  which  has  been  treated 
whb  mercury.     I  will  not  detain  you  by  washing  it,  but  will  show 
yon  the  print  when  it  has  faded  away.     Here  is  one  which  has  been 
prioted,  washed,  fixed,  and  immersed  in  the  chloride  of  mercury, 
and  if  now  I  place  it  in  the  hyposulphite  of  soda  you  will  see  that 
an  image  begins  lo  appear  almost  instantaneously.     On  the  appa- 
rently blank  piece  of  paper  an  image  gradually  developes,  and  we 
ive  before  us  one  of  these  magic  photographs.     I  need  hardly  say 
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that  the  piece  of  blotting-papet  alluded  to  had  been  impregnated 
with  hyposulphite  of  soda,an<ia!l  you  did  was  to  do  what  I  have  been 
doing  now  ;  youbrought  the  salt  of  mercury  and  silver  which  formed 
the  image  in  contact  with  hyposulphite  of  soda,  and  a  new  black 
compound  of  silver  and  mercury  resulted.  I  might  wash  this  and 
place  it  in  the  mercury  again,  and  it  would  again  disappear,  so  you 
see  that  the  magic  photograph  would  last  a  great  number  of  times. 
Besides  silver  there  are  a  great  many  other  metals  or  metallic 
salts  which  are  sensitive  to  light.  I  have  here  some  paper 
which  has  been  coated  with  perchloride  of  iron,  as  it  used  to  be 
called,  in  which  two  atoms  of  iron  combine  with  three  of 
chlorine.  The  waves  of  light  act  energetically  on  this  com- 
pound of  iron  when  in  contact  with  organic  matter,  the  vi- 
brations split  up  the  salt  and  reduce  it  to  what  is  called  ferrous 
chloride,  in  which  one  atom  of  iron  combines  with  only  one 
atom  of  chlorine.  Ferrous  chloride,  or  ordinary  muriate  of 
iron,  when  brought  in  contact  with  a  solution  of  ferridcyanide  of 
potassium  immediately  strikes  a  beautiful  blue  colour.  Over  this 
piece  of  paper  during  the  day  1  placed  a  negative  of  a  map,  and 
exposed  it  to  the  light  for  about  five  minutes.  Now,  if  I  float  it 
upon  a  solution  of  ferridcyanide  of  potassium  we  shall  at  once  get 
a  beautiful  blue  colour,  owing  to  the  combination  between  the 
ferrous  chloride  and  the  ferridcyanide  of  potassium.  The  ground 
ought  to  remain  tolerably  white,  because  the  ferric  chloride  has  no 
considerable  action  on  the  ferridcyanide.  You  see  at  once  we  get 
the  blue  colour  formed  ;  in  other  words,  an  image  is  formed  of  the 
blue  salt  of  iron.  I  have  some  other  prints  here  which  are  heller, 
for  the  light  has  been  so  uncertain  to-dny  I  hardly  knew  what  ex- 
posure to  give.  The  same  iron  salt,  chloride  of  iron — and  you  must 
distinguish  between  chloride  and  perchloride — the  chloride  of 
iron  has  ihe  faculty  of  reducing  silver  owing  lo  certain  chemical 
reactions.  I  have  here  a  solution  of  nitrate  of  silver,  and  if  I  place 
this  print,  which  has  been  exposed  beneath  a  negative 
— the  conservatory  of  one  of  the  Windsor  Lodges— in  a  solu- 
tion of  nitrate  of  silver,  the  silver  will  be  reduced  by  the  chloride  of 
iron,  whereas  the  perchloride  would  not  do  so,  and  we  shall  get  a 
print  in  metaUic  silver.    Simply  washing  is  generally  quite  suffi- 
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tnt  to  Gx  them.  In  the  Exhibition  there  are  some  interesting 
specimens  of  the  early  applications  of  iron,  to  which  I  shall  allude 
present!/.  It  was  Sir  John  Herschel  who  was  the  principal 
investigator  into  the  action  of  light  on  these  x:ompounds  of  iron. 

Uranium  salts  are  also  acted  upon  by  tight,  and  I  propose  to 
ihow  you  the  method  of  producing  prints  by  the  action  of  those 
I  have  here  a  piece  of  paper  which  has  been  brushed 
rith  a  solution  of  nitrate  of  uranium,  and  the  salt  which  is 
reduced  from  the  nitrate  of  uranium  on  the  paper  ivil!  combine  in 
the  same  way  as  iron  does  with  the  ferrocyanide  of  i>olassium. 
Immersing  it  in  that  solution  I  shall  get  a  sort  of  dusky  red  print 
resulting.  This  picture  was  exposed  during  to-day,  and  I  am  not 
certain  about  the  results,  still  il  is  developing  ;  but  I  will  pass  round 
a  print  produced  yesterday  by  the  same  sahs.  If  1  treat  uranium 
in  the  other  way  in  which  I  treated  the  iron  salt,  I  dare  say  we  shall 
get  the  same  kind  of  result,  that  the  oxide  of  uranium  in  the  print 
will  reduce  the  silver  nitrate,  I  will  place  it  in  the  silver  and 
»ve  it  to  develope.  You  see  it  is  developing.  Here  is  a 
cimen  which  was  prepared  beforehand  by  the  same  process. 
The  latest  metallic  compounds  which  are  known  lo  be  capable 
"  of  being  affected  by  light  are  the  Vanadium  compounds,  which 
have  been  so  thoroughly  investigated  by  Professor  Roscoe,  and  in 
the  Exhibition  you  will  find  the  first  prints  which  have  been  pro- 
duced by  their  aid.  With  iron  salts  also  we  have  another  most 
valuable  process  lately  introduced,  and  worked  out  most  thoroughly 
by  Mr.  Willis.  He  sensitized  a  piece  of  paper  with  a  compound  of 
potassium  chloride  and  platinum  chloride,  and  to  it  he  also  added  a 
'  n  of  oxalate  of  iron.  I  have  here  a  solution  of  the  potassium 
dpiatinum  salt,  which  is  a  bright  red  colour,  and  the  oxalate  of 
a  is  a  pale  yellow  colour.  These  solutions  being  mixed  together, 
br  floats  a  piece  of  ordinary  paper  upon  them,  dries  and  exposes  it 
beneath  a  negative,  then  immerses  it  in  a  solution  of  oxalate  of 
potash    and     he     finds    the     oxalate     of     potash     in     the 

rnce  of  the  lower  salt  of  iron  is  capable  of  reducing  the 
lum  to  the  metallic  state.  I  have  here  a  print  which 
has  kindly  sent  me  to  develope.  I  may  premise 
the  paper  has  previously  been  floated  over   a  very  dilute 
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solution  of  nitrate  of  silver,  before  the  application  of  the  salts  of 
potassium  and  platinum,  together  with  the  oxalate  of  iron  (which 
is  the  sensitive  salt)  and  has  since  then  been  exposed  beneath  this 
negative.  You  see  there  is  a  slight  blackening,  due  to  the  nitrate 
of  silver,  which  has  been  reduced  to  the  metallic  state  by  the 
action  of  the  light.  I  now  place  it  on  a  warm  solution  of 
potassic  oxalate  ;  an  image  at  once  starts  out,  and  we  have  a  perfect 
picture  resulting.  That  picture  is  formed  principaily  of  platinum 
black,  a  substance  which  is  perfectly  unacted  upon  by  ordinary 
treatment.  Of  course  it  is  soluble  in  nitro-muriatic  acid,  but  in 
nothing  else.  I  will  send  round  a  print  which  has  been  developed 
this  afternoon  by  myself.  The  print  is  fixed  in  oxalate  of  potash, 
which  will  dissolve  away  the  unaltered  oxalate  of  iron  afker  a 
slight  immersion  in  hyposulphite  of  soda  (one  minute  is  quite 
sufficient  to  dissolve  away  the  silver),  and  after  washing  in  plain 
water  for  a  short  time  we  get  a  permanent  print. 

The  next  salt  to  which  I  ivill  call  attention  is  bichromate  of  pot- 
ash. It  is  now  largely  used  for  all  purposes  of  photo-mechanical 
printing,  and  permanent  printing.  This  salt  very  readily  parts 
\vith  its  oxygen  in  the  presence  of  light ;  organic  matter  is 
oxidised  by  it,  and  the  bichromate  of  potash  becomes  reduced  to 
a  salt  of  jjotash  and  oxide  of  chromium.  To  show  you  that  there 
is  a  change  produced  by  light  upon  the  bichromate  of  potash, 
I  have  here  a  piece  of  paper  which  has  been  impregnated 
with  it.  If  1  immerse  this  in  a  solution  of  nitrate  of 
silver,  I  sliall  find  where  the  light  acted  no  perceptible  change 
lakes  pbce ;  but  on  all  other  parts  we  shall  get  the  bichromate  of 
silver.  The  print  is  developed  al  once,  and  we  have  buff-lines 
upon  a  brilliant  brick  coloured  ground. 

^^'hilst  treating  of  this  process  I  should  like  to  bring  under 
your  notice  another  one  which  I  cannot  unfortunately  demonstnte 
to  you  to-night,  which  is  called  Willis's  aniline  process,  perhaps 
one  of  the  most  beautiful  with  which  I  am  acquainted,  partial- 
larly  for  architects  and  engineers'  work,  such,  for  batance,  as  re- 
producing plans.  A  paper  is  floated  on  bichromate  of  potash, 
and  a  little  feeble  add  is  added  to  it,  which  is  called  phosphoric 
acid.    When  dry  this  paper  is  placed  under  a  plan— not  a  nega- 
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^Hpve,  but  a  pkn  ur  n  drawing,  in  a  printing  frame,  and  instead  of 
darkening,  tlie  bichromate  bleaches  to  a  certain  extent.  Imme- 
diately on  withdrawing  this  paper  which  has  been  acted  upon 
by  light  from  the  frame,  fumes  of  aniline  are  allowed  to  play 
lUpon  it ;  in  practice  the  aniline  is  dissolved  in  a  certain  quautit}- 
r  alcohol,  and  almost  immediately  the  phosphoric  acid  lu  the 
snce  of  the  bichromate  of  potash  forms  a  black  colour  on 
;  parts  not  exposed  to  the  light.  It  is  insoluble,  and  when 
ished  with  acidulated  water  and  then  with  pure  water,  we  have 
^  comparatively  permanent  print.  The  principle  of  obtaining 
black  print  is  familiar  to  those  who  know  the  work- 
f  of  the  aniline  dyes.  This  compound  is,  I  believe,  the  residue 
i  after  the  formation  of  aniline  purple,  according  to  Mr. 
Brkin*s  method. 
I  Another  process  which  has  become  very  familiar  to  us  all,  is 
at  knoivn  as  the  carbon  process.  That  is  perhaps  rather  a  mia- 
r  at  the  present  time,  although  it  was  not  at  first,  as  carbon 
d  to  be  raL\ed  with  the  gelatine.  It  is  now  best  known  as  the 
Utotypc  process,  and  is  dejiendent  on  the  following  chemical 
If  gelatine  be  soaked  with  bichromate  of  potash, 
lowed  to  dry,  and  then  exposed  to  light,  the  gelarine  becomes 
loluble ;  it  is  oxidised,  in  other  words,  at  the  expense  of  bichromate 
potash,  and  only  that  part  which  has  not  been  acted 
ua  by  light  is  capable  of  being  dissolved  in  water.  This  paper 
has  been  coated  with  gelatine  and  bichromate  of  potash,  a  square 
piece  of  black  paper  has  been  placed  on  the  centre  of  it,  and 
it  has  then  been  exposed  to  the  light,  and  the  bichromated  gelatine 
has  become  discoloured  owing  to  the  formation  of  the  oxide  of 
chrominm.  When  we  immerse  this  in  water  you  will  find  the 
gelatine  will  dissolve  away,  leaving  the  protected  part  of  the  paper 
white  and  the  outside  fawn-coloured,  owing  to  the  oxide  of 
chromium  present.  Now,  if  we  have  gelatine  impregnated  with 
asy  pigment  and  bichromate  of  potash,  such  as  we  have  in  a  sheet 
of  autotype  paper,  and  this  is  exposed  to  the  action  of 
light  under  a  negative,  the  part  which  is  acted  upon  by  light 
becomes  insoluble  to  a  depth  depending  on  the  intensity  of  light 
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passtDg  through  the  negative,  whilst  the  other  part  remains  soluble. 
If  I  had  a  print  on  such  a  piece  of  paper  printed  beneath  what  we 
call  a  half-tint  negative,  that  is,  a  negative  with  shades  in  it, 
and  immersed  it  in  hot  water,  the  result  would  be  most  un- 
satisiactory ;  for  this  reason,  that  the  soluble  gelatine  is  really  im- 
prisoned between  the  back  of  the  paper  and  the  insoluble 
gelatine.  If  I  immerse  it  in  cold  water  I  shall  get  no  result, 
but  simply  a  slight  swelling  of  the  gelatine.  To  overcome 
that  difhculcy  resort  has  been  had  to  a  method  of  taking  the 
paper  away  from  the  back  of  the  gelatine,  and  this  is  done  by 
atmospheric  pressure.  The  paper  is  immersed  in  water  with 
a  rinc  or  porcelain  plate  underneath,  and  a  fine  layer  of  water 
is  kept  l>etween  them  ;  the  plate,  with  the  paper  upon  it,  is  raised 
up  from  the  water,  and  with  a  squeegee  the  water  is  pressed  out 
from  between  them,  and  the  gelatine  is  thus  caused  to  adhere  to 
the  surface  of  the  zinc  by  atmospheric  pressure.  1  have  one  sheet 
which  has  been  exposed,  and  by  this  treatment  you  see  how  the 
gelatine  adheres  to  the  surface  of  the  plate.  We  will  now  have  it 
immereed  in  hot  water,  when  the  paper  will  strip  off.  In  this  case 
we  have  soluble  gelatine  on  the  front  of  the  picture,  the  insoluble 
gelatine  forming  the  picture  remaining  behind  on  the  zinc  plate.  I 
have  here  a  picture  with  the  paper  stripped  off  partially  developed. 
If  I  immerse  it  in  a  trough  of  hot  water,  the  remainder  will 
develope,  and  we  shall  get  a  picture  on  a  temporary  support,  in  the 
form  which  we  have  here.  All  the  unaltered  gelarine  dissolves 
away,  leaving  the  altered  gelatine  containing  the  pigment  behind  to 
form  the  gelatine  print.  It  is  not  very  satisfactory  to  have  a 
picture  mounted  on  a  plate  of  zinc  or  of  opal  glass,  or  on  other 
supports  known  as  temporary  flexible  supports,  and  therefore 
recourse  is  had  to  a  plan  of  taking  off  the  gelatine  once  more 
from  the  surface  of  the  plate.  Another  piece  of  paper  coated 
with  gelatine  rendered  insoluble  in  water  by  the  addition 
of  a  substance  to  which  I  shall  refer  presently,  is  moistened  in  hot 
water,  caused  to  become  sticky,  and  ihen  this  is  squeegeed  down 
on  the  surface  of  the  carbon  print.  It  is  allowed  to  dry,  and 
then  the  print  is  ready  for  stripping  off.  When  this  operation 
is  finished  the  carbon  picture  is  complete. 
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The  next  process  to  which  I  call  attention  is  the  Woodbury- 
type  process,  and  a  most  valuable  process  it  is.  In  this  frame 
is  exhibited  the  whole  process  from  the  beginning  to  the  end 
except  the  mere  press  work.  Here  we  have  an  ordinary  negative, 
that  of  an  Egyptian  temple.  A  thin  layer  of  gelatine  is  pre- 
pared on  glass ;  it  is  made  sensitive  by  Ijicbroraale  of  potash  as 
before.  It  is  then  stripped  off  the  glass  and  placed  beneath  the 
negative  ;  the  light  goes  through  the  negative,  and  the  consequence 
is  that  on  applying  hot  water  to  it  from  the  back  we  get  an  image 
in  relief,  I  might  say  in  very  considerable  relief.  This  is 
developed  on  a  very  fine  collodion  backing,  instead  of 
the  plate,  as  in  the  autotype  process.  The  gelatine  film 
when  dried  is  taken  and  placed  on  a  soft  meta!  plate,  and  as 
'fai  nature-printing,  so  witli  this,  a  tremendous  pressure  is  brought 
bear  upon  it  by  means  of  an  hydraulic  press.  The  gelatine 
lief  is  impressed  upon  the  soft  metal  plate  and  leaves  a 
.mould.  Such  a  mould  we  have  here,  and  I  will  ask  this  gentle- 
man to  kindly  show  you  how  the  printing  is  done.  In  this  bottle 
.is  a  solution  of  gelatine  with  certain  pigments,  a  small  quantity 
of  which  is  poured  on  a  mould,  which  has  been  placed  on  a  press. 
A  piece  of  smooth  paper  is  put  over  the  gelatine,  and  a  flat 
glass  plate  is  brought  down  on  the  surface  of  the  mould. 
The  excess  of  gelatine  is  squeezed  out  from  between  the  mould 
and  the  paper,  and  after  a  while  the  gelatine  sets  like  a  jelly,  the 
paper  is  lifted  up  from  the  mould  with  the  print  adhering  to 
it.  These  pictures  then  are  formed  in  the  same  way  as  a  mould 
of  jelly  is  formed.  The  temperature  of  this  room  is  rather 
warm,  and  it  will  take  about  three  minutes  to  set.  If  you  have  a 
dO):en  presses  fixed  on  a  revolving  table,  you  may  have  a 
dozen  of  these  moulds  going  ;  you  pour  the  gelatine,  place  the 
Bcce  of  paper  over  it,  shut  down  the  press,  and  then  turn  roimd 
le  table  a  liltie,  so  as  to  get  another  press  opposite  you.  and  so  on, 

[Tsod  by  the  time  ten  or  twelve  moulds  have  been  filled,  the  first 
will  be  set,  and  the  print  can  be  taken  off.  By  this  means 
thousands  of  prints  can  be  produced  in  a  day.  If  you  look  at 
ibe    prints   by  reflected  light    you    will    see    there   is   a  certain 

[.selief  about  them.      Prints  produced  by  this  process  are  as  perma- 
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nent  as  the  gelatine,  and  may  be  rendered  more  pennanent  by 
being  placed  after  printing  in  a  bath  ot  alum.  Most  of  you  are 
familar  with  the  fact  that  when  you  place  a  hide  in  tannin  it 
becomes  leather,  and  in  the  same  way.  when  you  place 
gelatine  in  alum  it  becomes  like  leather  and  insoluble  in  water, 
so  that  you  have  nothing  to  fear  for  these  prints  even  if  a  drop 
of  water  does  by  chance  get  upon  them. 

The  last  process  to  which  1  nhall  call  your  attention  is  one 
of  a  different  class  altogether.  It  is  one  of  a  many  photo- 
mechanical printing  processes,  and  when  I  say  photo- mechanical  I 
mean  a  process  by  which,  after  the  exposure  of  a  sensitive  layer  to 
light  beneath  a  negative,  prints  are  produced  by  mechanical  means. 
The  Woodbury-type  process  is  a  photo-mechanical  process,  be- 
cause, after  one  impression  is  taken  upon  the  gelatine  skin,  it  can 
be  worked  without  the  aid  of  light.  In  the  same  way  with  the 
heliotype  process,  which  I  now  propose  to  describe.  Of 
course  it  is  a  very  great  advantage  for  book  illustrations,  and 
so  on,  that  you  should  not  be  dependent  on  the  action  of  light 
for  the  production  of  each  print.  I  will  describe  this  process 
because  it  is  one  familiar  to  myself,  since  we  work  it  at  Chatham, 
and  have  done  so  for  a  considerable  time,  and  we  obtain  very  fair 
results  by  it.  In  none  of  the  photo -mechanical  processes  have  we 
yet  arrived  at  perfection,  but  we  look  forward  to  the  time  when  we 
shall  be  able  to  set  up  in  the  printing  press  a  half-tone  block, 
which  shaU  be  capable  of  being  printed  with  the  type. 
We  have  a  promise  of  such  a  process  in  what  is  known  as 
the  Dallas  tint,  but  as  that  is  a  secret  process  I  cannot  go 
into  the  details  of  it.     There  are  specimens  of  it  on  the  table. 

In  the  heliotype  process  there  are  several  operatioDS  :  first,  there 
is  the  preparation  of  the  gelatine  film  on  which  the  image  is  to  be 
printed.  A  large  glass  plate,  by  preference  ground,  is  placed  on 
a  bench  accurately  levelled,  and  a  solution  of  gelatine,  to  which 
is  added  bichromate  of  potash  together  with  a  little  chrome  alum. 
It  is  floated  over  pie  plate  in  a  [>ool  and  allowed  to  set ;  when  set 
it  is  reared  up  in  a  slightly  warm  dark  room,  and  allowed  to  dry 
spontaneously.  After  drying,  it  is  carefully  stripped  off  the  plate, 
and  you  get  as  the  result  a  tough  skin,  such  as  I  have  here.    The 
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■ome  alum  was  added  to  render  it  insoluble  in  water,  and,  of 
irse,  the  bichromate  was  added  to  render  it  sensitive  to  light. 
iides  the  fact  that  light  readers  gelatine  insoluble,  it  has  also 
.Ae  property  of  rendering  it  incapable  of  absorbing  water,  and 
this  is  a  most  important  point,  in  fact  the  one  on  which  most  of 
this  class  of  photo-mechanical  processes  is  based.  If  chrome 
.■lorn  were  not'  added,  on  immersion  in  water,  of  course  the  part 
lOnacted  upon  by  light  might  dissolve  awa)' ;  but  the  chrome  alum 
ing  added  prevents  it  dissolving,  yet  at  the  same  time  allows  the 
lUttne  to  absorb  moisture.  If  this  gelatine  skin  be  placed  under 
a  negative  and  the  tight  be  allowed  to  pass  through  it,  we 
shall  get  a  distinct  impression  on  the  gelatine  sheet.  After  it  is 
printed,  suppose  you  take  that  gelatine  skin  and  immerse  it  in 
.vater,  and  place  beneath  it  a  xinc  plate  or  a  pewter  plate  or  a 
plate,  and  take  up  a  film  of  water  between  the  gelatine  skin 
lacd  the  plate — which,  by  the  way,  is  generally  coated  with  an 
^be»ve  substance,  such  as  india-rubber  —  and  then  s^jueegee  it 
down  in  the  samt  way  as  we  did  the  autotype  tissue,  the  gelatine  film 
will  adhere  to  the  plate.  To  prevent  the  water  from  getting  under 
the  edges  of  tlie  gelatine,  it  is  generally  coated  round  with  a  solu- 
tion of  india-rubber,  and  gummed  down  with  paper.  You  after- 
wards immerse  the  plate  with  the  skin  on  it  In  water,  in  order  to 
soak  out  the  bichromate  of  poiash,  What  happens  while  this 
idiromate  is  dissolving  out  ?  Where  the  light  has  acted,  there  it 
to  absorb  water.  Where  the  light  has  partially  acted,  it 
ly  absorbs  water ;  and  where  the  light  has  not  acted  at  all,  it 
absorbs  water  entirely.  Now  we  conie  to  the  same  principle  as  is 
used  in  lithography.  Water  repeis  grease.  Therefore,  if  you 
cha^e  a  soft  roller  with  greasy  ink  aud  pass  it  over  the  surface  of 
a  piste  prepared  in  suth  manner  indicated  (a  specimen  of  which 
we  have  here),  of  course,  where  the  light  has  acted  there  the  greasy 
ink  will  take,  because  there  is  no  water  present.  Where  the  light  has 
galy  partially  acted,  the  greasy  ink  will  take  parlially ;  and  where 
not  acted  at  all,  it  will  not  take  at  all.  The  plate,  after  being 
lersed  in  water  previous  to  printing,  is  placed  in  an  ordinary 
iting  press,  pressure  is  brought  to  bear,  and  we  get  a  print  as  the 
[vesult.     We  will  place  the  plate  in  this  press.     In  practice  we  use 
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a  bger  press  than  this,  which  is  hardly  powerihl  enough  to  pn>- 
chK>e  fina  prints,  but  !  will  pass  round  some  prints  of  the  same 
wb!te<.t  taken  before  the  lecture  from  the  same  plate.  The  paper 
g«o«rally  used  is  enamelled  paper,  but.  petsotially,  I  prefer  oidinu^ 
dnwing-paper.  On  the  walls  of  the  Exhibition  you  H-ill  see 
pnats  taken  on  ordtnafy  drawing-paper,  which  I  believe  to  be 
very  effective,  and  some  think  more  artisric  than  those  taken  oo 
&e  enamelled. 

In  practice  it  is  found  that  a  stiff  ink  adheres  well  to  the  deep 
shadows,  but  not  very  well  to  what  we  call  the  half  tones,  so  that 
■X  thinner  ink  is  used  for  giving  it  a  second  coating  ;  or  )-ou  may 
use  three  inks,  and  give  it  a  third  coating,  each  one  being  thinner 
than  the  other.  Therefore,  you  see  we  have  great  power  of  alter- 
ing the  tone  or  giving  a  different  tint.  Mr.  Edwards,  who  was 
the  patentee  of  this  process,  printed  what  I  may  call  chromo- 
photographs  by  this  method.  He  used  parts  of  a  negative, 
blocked  out  parts,  printed  a  picture  on  enamelled  paper ; 
then  he  iiiicd  another  part  of  the  same  negative  to  print  another 
se<tion,  ami  so  on,  piling  up  one  colour  above  another  in  exactly 
the  same  way  as  a  chromo-tithograpber  does.  A  few  specimens 
were  jiroduced,  but  this  modification  does  not  seem  at  present 
to  be  very  inuch  worked. 

I  have  been  obliged  to  cut  short  a  great  deal  of  the  description 
which  I  shuiili!  have  liked  to  have  given  in  greater  detail,  but  as 
time  is  limited  I  was  obliged  to  do  the  liest  I  could.  In  con- 
cltision  let  me  say  that  you  will  find  specimens  on  the  walls  of  all 
the  processes  I  have  spoken  about,  many  of  which  are  well  worthy 
your  attention. 

Short  as  has  been  the  description  of  the  printing  processes,  it 
has,  however,  I  hope,  enabled  you  to  sec  the  giant  steps  which  have 
been  made  in  this  branch  of  photography  during  the  last 
quarter  of  a  century.  When  we  consider  that  carbon  printing, 
Woodbury-type,  and  the  other  photo -mechanical  processes  belong 
to  the  last  dozen  years,  it  will  be  seen  that  enough  has  been 
accomplished  to  mark  them  as  years  of  great  progress.  Every 
improvement  has  been  the  result  of  patient  toil,  generally  of 
more  than  one  person.    Perhaps  there  is  no  field  so  open  for 


t 

I 

W' 


PHOTOGRAPHIC  PRINTING  PROCESSES.       103 

J  investigation  as  this  branch  of  science,  as  I  hope  I  may  call  it. 
I  There  are  many  workers  whose  heads  are  always  teeming  with  ideas, 
cof  them  very  crude,  perhaps,  and  impracliaible,  whilst  others 
[  are  well  worthy  of  consideration,  and  have  often  led  to  some  great 
I  advance  in  photography.  I  cannot  conclude  without  asking  yon 
I  lo  accord  your  thanks  to  those  gentlemen  who  have  so  kindly 
I  aided  me  in  demonstrating  the  Woodbury-type  and  the  other 
[  processes,  for  I  am  sure  to  them  belongs  any  merit  there  may 
I  be  about  the  work  I  have  shown  you. 

The  Chairman  :  Ladies  and  gentlemen,^!  believe  I  shall  only 

anticipate  your  wishes  in  proposing  a  very  hearty  vote  of  thanks 

lo  Captain  Abney  for  his  very  clear  and   interesting  lecture.     In 

listening  to  him  we  cannot  fai!  to  be  struck  with  the  extraordinary 

ingenuity    and   the  great   fertility  of  resource    which    has   been 

I  brought  to  bear  on  this  intricate  and  important  subject.     No- 

I  thing  short  of  the  combination  of  many  minds  exercised  over 

'  many  years  could  have  brought  the  art  or  science,  for  it  is  both 

[  an  art  and  a  science,  to  its  present  state  of  perfection.     Look- 

\  ing  at  the  subject  from  a  scientific  point  of  view,  as  in  this  place  we 

can  very  fairly  do,  we  cannot  attach  too  high  a  value  to  the  labours 

of  those  who  have  interested  themselves  in  this  subject.    When 

to  an  accurate  verbal  description  a  scientfic  observer  ,can  add  a 

pictorial  representation,  no  less  accurate,  of  what  he  has  seen,  he 

I  has  contributed  the  best  possible  aid  to  future  workers  in  science. 

I  Nothing  is  better  calculated  to  assist  the  reader  of  accounts  of 

I  Other  experimenters    than   a  faithful  representation  of  what  has 

11>ceii  actually  seen,  and  nothing  is  more  calculated  to  mislead 

I  tfaan  an  inaccurate  one.    Therefore  the  science  of  photographic 

presentation  of  experiments  and  observations  is  of  the  highest 

*  possible    value ;  and  perhaps  in  no  branch  of  science    has  this 

method  proved  of  more  importance  or  is  likely  to  prove  still  more 

irapoTtaut  than  in  that  of  astronomy.     I  mention  this  particularly, 

I  because,  although  Captain  Abney  in  his  modesty  has  alluded  in 
only  a  very  few  passing  words,  to  his  own  operations,  the  field  of 
photography  is  one  in  which  he  himself  has  been  very  active.  If 
ire  may  turn  for  a  moment  from  the  scientific  to  the  more 
practical    aspect    of  the  question,   I   myself,  in   common   with 
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many  others  interested  in  printing,  look  with  the  greatest 
possible  satis£eu:tion  on  the  success  which  has  att»ided 
efforts  for  the  production  of  photographic  printing.  When  we 
shall  ultimately  be  able  to  use  blocks  engraved  and  prepared  by 
photography,  in  the  same  manner  as  types,  we  shall  have  carried 
the  art  of  printing  illustrations,  so  far  as  we  can  at  present  see, 
to  its  very  last  stage.  I  will  not,  however,  detain  jtou  with 
superfluous  comments,  but  will  conclude  by  asking  you  to  join  in  a 
very  hearty  vote  of  thanks  to  our  Lecturer. 


OF    ELECTRIC    CURRENTS    ON 
EACH    OTHER. 

Lecture  bv  Dr.  Schuster, 


Professor  Carey  Foster  in  the  Chair. 

Se  Chairman  r  Ladies  and  Gentlemen,— I  have  been  asked  to 

fttake    the  chair  this  evening,  and  I  believe  my  chief  duty  is  the 

r»ery  simple  one  of  asking  Dr.  Schuster  to  give  us  his  lecture  on 

"The  Action   of  Electric  Currents  on  each   other."     I  may  be 

allowed  to  say  that  it  is  a  subject  the  experimental  illustration  of 

which   presents  considerable    difficulty,  at    any  rate  when  it  is 

Attempted  to  make  the   ^tion  visible    to  a  large  number ;  and 

therefore,  although  I  have  no  doubt  that   such  indulgence  on 

your  part  is  quite  unnecessary  to  Dr.  Schuster,  still   I  must  ask 

you  to    beat  in  mind  that   the  effects  which,  I  have  no  doubt^ 

you    will    be    easily   able   to   see,   can  only  be    made  visible 

with  considerable  difficulty  and  delicacy  of  arrangement. 

Dk.  Schuster:  Ladies  and  Gentlemen,— The  great  interest 
which  the  public  is  bc^nning  to  take  in  scientific  subjects  has,  no 
doubt,  been  caused  by  the  many  applications  which  this  century 
bos  given  to  discoveries  which  have  been  made  in  the  laboratory 
9f  the  physicist  and  chemist.  Amongst  these  applications  the 
electric  telegraph  stands  prominently  forward,  and  it  seems  to 
us  now  intrcdible,  that  when  this  century  began,  the  voltaic  pile, 
by  means  of  which  we  are  enabled  to  send  an  electric  current 
acioss  the  Atlantic,  had  not  beer  invented.  Gaivani's  celebrated 
experiment  had  only  been  made  in  the  last  few  years  of  last 
centuiy.     His  experiment  was  this  :   He  connected  two  dissimilar 
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•  two  other  ends  the 
e  animal  be  then  found  to 
B  Volta  to  point  out  what  precise 
i  it  was  found  afterwards  to  be. 
In  the  year  1800,  Volta  coa- 
aeans  of  which  he  was  first  able  to  get  a 
anient  This  discovery  created  a  great 
t  Europe.  It  was  at  once  tbottgbl  that  we  should 
Z  ^  xim  at  the  connection  between  electricity  and  mag- 
^  ^fc-r^  [mi  been  long  suspected,  and  a  good  many  people 
»»  •^.■et  to  fint^  out  that  conaectioD.  But,  strange  to  say, 
«  wars  elapsed  without  any  results.  Everybody  in  fact 
rrfa$  to  find  out  the  connection  where  it  was  not,— and 
.  it  was,  they  did  not  look  for  it.  At  the  end  of  these 
j'cars  the  interest  which  was  taken  lu  Volta's  discovery 
nearly  died  away,  and  it  was  believed  to  be  barren  where 
i5  hoped  to  be  fruitful. 
'  One  of  those  who  woriced  hardest  to  discover  a  relation  be- 
tween eieclricily  and  magnetism  was  Oersted.  He  was  not 
discouraged,  and  in  the  year  1820  he  found  out  that  the  electric 
current  affected  the  position  of  the  magnetic  needle.  Oersted's 
discovery  spread  rapidly  all  over  Europe.  As  soon  as  the  news 
reached  Paris,  Ampere  set  to  work  ;  and  as  soon  as  the  news 
reached  London,  Faraday  set  to  work  ;  and  now  followed  twenty 
years  of  work  and  discovery  with  results  such  as  the  scientific 
world  had  not  seen  before. 

I  have  the  pleasure  to-night  to  show  you  some  of  the  instru- 
ments  which  have  been  used  during  those  twenty  years — instra- 
nients  by  means  of  which  the  original  e.tperiments  were  made, 
and  on  which  it  might  be  said  that  the  whole  science  of 
electricity  is  founded.  No  two  men  could  be  more  unlike  each 
other  in  the  way  they  published  their  experiments  than  Faraday 
and  Ampere,  Faraday  always  gives  us  the  whole  history  rf  h^ 
thoughts  ;  and  if  we  read  his  works,  we  are  led  by  degrees  through 
ideas  at  first  incomplete  and  crude,  but  always  checked  by  ex- 
periment, until  at  last  they  become  clear  and  sustained  by  a  mass 
of  experimental  evidence.     Not  so  Ampere ;  his  ideas  seem  to 
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■  be  clear  from  the  beginning.     He  merely  gives  us  the  experi- 

mcDtaJ  evidence  which  is  absolutely  necessary  for  the  proof  of 

his  theories,  and  we  are  unable  entirely  to  follow  the  means  by 

which  he  arrived  at  his  theories.     (See  Mixn-ell,  Electricity,  vol. 

y  ii.  p.  162.)     Two  months  after  the  news  of  Oersted's  discovery 

I  had  reached    Paris,   Ampere  published    his   lirst   theory,  and 

i  when,  many  years  after,    he    had    completed     his    work,    after 

laving  surmounted  mathematical  difficulties  which  at  first  seemed 

mouniable,  he  had  not  to  retract  a  single  word  of  what  he  had 

Itid  in  the  beginning. 

In  order  to  eitplain  to  you,  however,  what  these  theories  of 
Ampere  and  the  results  were,  I  shall  have  to  say  a  few  words 
about  the  state  of  science  of  electricity  as  it  stood  before  his  time. 
It  was  known  3  long  time  ago  that  if  you  rub  two  bodies  together, 
■'Uiose  bodies  have  certain  properties.  They  were  said  to  be 
1  electrified-  As  the  two  bodies  which  are  rubbed  together  have 
\  dissimilar  and  in  many  respects  op[X)sile  properties,  one  was  said 
L  ~to  be  positively  electrified  and  the  other  was  said  to  be  negatively 
{"electrified.  It  was  found  that  when  a  certain  quantity  of  what 
s  called  positive  electricity  was  added  to  an  equal  quantity  of 
lat  was  called  negative  electricity,  the  result  was  that  the  body 
ared  to  be  unelectrified,  just  as  a  positive  quantity  added  to 
an  equal  negative  quantity  makes  nothing.  This  is  the  origin  ol 
the  terms  positive  and  negative  electricity.  Now  bodies,  if  elec- 
trified, behave  in  a  different  way  according  to  their  nature. 
If,  for  instance,  I  electrify  one  end  of  a  piece  of  glass,  that 
end  remains  electrified,  and  the  other  end  of  the  glass  does 
not  show  any  signs  of  electrification ;  the  electricity  sticks,  as  it 
were,  to  that  part  of  the  glass  where  it  has  been  generated,  and 
docs  Dot  travel  along  the  glass.  If,  on  the  other  hand,  I  electrify 
one  end  of  a  piece  of  metal,  the  other  end  is  seen  to  be  electrified 
as  soon  as  1  have  electrified  the  one  end.  The  electricity  therefore 
spreads  rapidly  over  the  metal,  and  arrives  at  the  other  end  of  the 
metal  as  soon  almost  as  it  is  given  to  the  first  end.  It  is  said 
therefore  that  some  bodies,  like  glass  or  ebonite,  are  non-con- 
ductors of  electricity,  and  that  other  bodies,  like  metals,  are  con- 
tOTS.     For  the  present  we  hai-e  only  to  do  with  metals  which 
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conduct  electricity  well.  If  therefore  I  electrify  a  piece 
of  metal,  the  other  end,  as  I  have  said,  is  seen  at  once  to  be 
electrified ;  but  my  body  loo  is  a  conductor,  and  the  earth  is  a 
conductor,  so  that  if  I  hold  the  metal  in  my  hand  and  electrify 
one  end,  the  next  moment  the  metal  will  appear  lo  be  not  electri- 
fied, because  the  electricity  at  once  spreads  through  my  body  and 
into  the  earth  ;  and  the  earth  is  so  large  compared  to  this  piece  of 
metal  that  the  amount  of  electricity  remaining  in  the  metal, 
vanishes  in  comparison  ivith  the  quantity  of  electricity  which 
has  escaped  to  the  earth. 

If  I  want  therefore  to  charge  a  piece  of  metal  with  electricity. 
I  must  not  hold  it  in  my  hand,  but  must  attach  it  to  a 
non-conductor.  One  of  these  pieces  is  charged  with  positive 
electricity,  and  the  other  is  charged  with  an  equal  quantity 
of  negative  electricity.  If  I  join  them  together,  what  will 
happen  ?  The  positive  electricity  of  the  one  will  at  once  spread  over 
the  whole  surface  of  the  two  together,  and  the  negative  electricity 
of  the  other  will  do  the  same ;  and  as  there  was  an  equal  quantity  of 
positive  electricity  in  one  and  of  negative  electricity  in  the  other, 
the  whole  body  will  appear  to  be  unelectrified.  But  now  fancy  that 
as  soon  as  the  quantity  of  positive  electricity  has  passed,  or 
while  it  is  passing  &om  one  piece  of  metal  to  ihe  other,  and  while 
the  negative  electricity  is  also  passing  in  the  opposite  direction,  a 
new  supply  of  positive  electricity  is  given  to  the  one  and  a  new 
supply  of  negative  electricity  is  given  to  the  other.  Then  this 
new  supply  will  go  on  passing  from  one  to  the  other;  and  if  I 
continuously  give  a  supply  of  positive  electricity  to  the  one  end 
and  of  negative  to  the  other,  I  shall  get  not  a  body  charged  with 
electricity,  but  a  continuous  current  of  electricity  through  that 
body — a  continuous  current  of  positive  electricity  from  the  end 
which  I  charge  positively  to  the  end  which  I  charge  negatively, 
and  a  continuous  current  of  negative  electricity  from  the  end 
which  I  chai]je  with  negative  electricity  to  the  end  which  I  have 
charged  with  positive  electricity.  We  have  then  what  is  called 
an  electric  current,  that  is  to  say,  electricity  in  motion  from 
one  part  of  a  piece  of  metal  to  another  part.  Whenever  we  have 
an  electric  current,  we  have  a  quantity  of  positive  electricity  travel- 
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Y  with  an  equal  quantity  of  negative  electricity  travelling 

r  way.     It  was  the  invention  of  Volta,  to  construct  an 

B  which  should  give  him  a  continuous  supply  of  positive 

tiicily  at  one  end,  and  of  negative  electricity  at  the  other,  so 

a  permanent  electric  current  was  established. 

I  have  here  what  is  called  an  electric  pile  ;  I  cannot  explain  its 

forking  now,  but  it  will  suffice  to  say  that  one  end  of  it  is  con- 

Hoiuously  kept  supplied  with  positive  electricity  and  the  other  end 

I  negative  electricitj- ;    and  if  I  join  the  two  ends  together, 

;  carrent  of  electricity  will  set  up  in  this  wire— a  current  of 

ssitive  electricity  from  the  end  which  is  now  to  my  right  to  the 

1  which  is  to  my  left,  and  a  current  of  negarive  electricity 

B  the  opposite  direction. 

)  This  was  Volta's  discovery ;  and  we  now  come  to  Oersted's 
ery,  which  was  made  30  years  afterwards,  in  the  year 
I  have  here  a  magnet,  with  a  piece  of  red  paper  attached 
>  one  end,  and  a  piece  of  blue  paper  to  the  other  end.  This 
as  you  know,  if  it  is  left  free  to  swing  in  a  horizontal 
e  as  it  is  now,  will  set  north  and  south ;  the  blue  end  of  this 
[net  will  point  to  the  north  and  the  red  end  to  the  south. 
rsted  discovered  that  when  he  brought  a  current  of  electricity 
■velUDg  along  the  magnetic  meridian  near  the  magnet,  this 
^etic  needle  will  not  point  any  longer  north  and  south,  but 
i  current  will  tend  to  set  it  east  and  west.  You  will  see  that 
I  soon  as  I  bring  this  electrical  current  near  the  magnet,  the 
;net  will  change  its  position.  There  is  a  continuous  current 
r  electricity  now  passing  through  this  wire,  and  you  see  that  the 
rtic  needle  changes  its  position  as  soon  as  I  bring  the  current 
The  magnet,  in  fact,  has  set  at  right  angles  lo  the  elec- 
»1  current  which  I  have  placed  above  it,  and  the  red  end  is 
BOW  turned  towards  you.  If  I  change  the  position  of  the  wire 
with  respect  to  the  needle,  you  will  see  that  the  jjositiun  of  the 
magnet  will  change.  1  now  bring  the  current  underneath  the 
nugnet  instead  of  above  it,  and  now  the  blue  end  points  towards 
you.  But  if  now,  without  altering  the  position  of  the  wire,  I 
EDcrely  change  the  poles  and  send  the  current  in  the  other 
^^^iieclion,  then  again  you  will  see  that  the  needle  will  point  in 
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the  opposite  way.  The  needle,  therefore,  tends  to  set  at  right 
angles  to  the  electric  current.  If  I  have  an  electric  cuirent 
going  along  the  table,  the  needle  will  tend  to  set  from  me  towards 
yon ;  and  it  will  set  in  a  different  direction  according  as  the 
current  goes  from  right  to  left,  or  from  left  to  right,  and  it  will 
also  tend  to  set  in  a  different  direction  according  as  the  current 
goes  above  the  needle,  or  below  it  Oersted  gave  a  law  by 
means  of  which  we  can  at  once  find  out  what  way  the 
magnetic  needle  will  set.  This  law  says  that  if  we  imagine 
ourselves  to  be  swimming  in  the  electric  current,  so  that  the 
current  enters  our  head  and  goes  out  through  our  feet,  then  on 
looking  towards  the  magnet,  the  north  end  of  the  magnet  will  be 
deflected  towards  ihe  right.  If  I  did  not  see  this  battery  here, 
1  am  not  able  to  lei!  the  direction  of  the  current ;  but  if  I  bring 
it  above  or  below  this  magnetic  needle,  I  can  find  out  which  way 
the  positive  electricity  runs  and  which  way  the  negative,  by  means 
of  the  law  I  have  just  given  yon.     This  was  Oersted's  discovery. 

When  Oersted's  discovery  first  became  known,  two  theories 
were  set  up.  As  the  electric  current  acts  on  a  magnet,  and  as  it 
is  known  one  magnet  acts  on  another,  some  said  the  electric 
current  behaves  like  a  magnet,  and  electricity  therefore  must  be 
reduced  to  magnetism,  we  must  be  able  to  explain  an  electric 
current  by  magnetism.  But  others  said  :  Not  so  ;  just  as  well 
as  you  can  account  for  electricity  by  magnetism,  we  shall  be  able 
to  account  for  magnetism  by  electricity,  and  this  was  the  theoiy 
which  Ampere  took  up  and  which  was  the  successful  one.  He 
tried  to  account  for  magnetism  by  electric  currents ;  and  he  said 
at  once :  If  I  try  to  account  for  magnetism  by  electric  currents, 
if  in  this  magnet  there  are  electric  currents,  which  account  for  its 
magnetism,  and  if  this  wire  acts  on  this  magnet,  then  surely  one 
electric  current  must  act  upon  another.  And  he  tried  this  and 
found  it  to  be  true,  and  discovered  that  one  electric  current  acts 
upon  another.  He  found  that  in  order  to  get  a  mechanical  action, 
we  need  not  have  a  magnet  and  an  eleciric  current,  but  if  we  have 
two  electric  currents  free  to  move,  there  will  be  an  attractive  or 
repulsive  action.  Here  is  the  instrument  which  Ampere  used, 
and  by  means  of   which   he  showed  not  only   the   attraction 
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P^f  electric  currents  on  each  other,  but  also  by  means  of  which 
e  afterwards  went  further  and  completely  explained  the  action  of 
Biagnets  by  electric  currents 

Here  is  another  apparatus  by  means  of  which  Ampere  made 

fcnrious  experiments.     This   coil  must  have  been  one  of  the  first 

Bly  which  he  has  shown  how  we  can  account  for  the  action  of 

paets  by  electricity,  for  he  found    that  when  he  had  a  coil  like 

(ibis,  and  he  sent  an  electric  current  through  it,  the  coil  will  act 

cacily  as  a  magnet,  which  fills  up  its  interior,  would  act  on  any 

1  little  removed  ft-om  its  ends, 
J  shall  now  try  to  show  you  some  of  Ampfre's  experiments, 
i  have  here  a  thick  wire  which  is  able  to  move  easily,  and  I 
lall  be  able  to  show  you,  I  think,  that  if  1  send  an  electric 
t  through  this  wire,  its  position  will,  be  affected  by  another 
t  which  is  placed  near  it,  I  send  now  an  electric  current 
rough  this  wire,  so  that  the  positive  current  of  electricity  will 
J  down  the  wire.  If  I  bring  this  other  wire  through  which  the 
•  electric  current  runs,  near  it,  you  will  see  that  it  affects  ihe 
Bjwsition  of  the  movable  wire ;  and  if  I  reverse  the  direction  of 
)ne  of  the  currents,  the  wire  will  move  towards  the  other  side. 
:  actions  are  not  so  strong  as  the  magnetic  actions,  and, 
ore,  you  are  not  able  to  see  them  so  well,  but  at  any  rate 
e  who  are  sitting  near  will  see  that  one  current  has  a  me- 
lanical  action  upon  another. 

You  will  be  able  to  see  a  stronger  effect  if  I  send  an  electric 
rent  through  this  coil  of  wires.  You  will  find  that  the  coil  will 
>eh2ve  exactly  like  a  magnet ;  if  I  bring  this  magnet  near  it,  you 
will  find  that  it  affects  the  position  of  the  coil  just  as  one  magnet 
would  affect  another.  You  know  that  if  I  have  two  magnets,  and 
bring  the  two  poles  which  point  north  together,  they  repel  each 
other;  and  if  1  bring  one  pole  which  points  north  and  another 
which  points  south  together,  they  attract  each  other.  Both  north 
poles  of  these  magnets  are  marked  with  red  paper,  if,  I  bring  this 
end  which  is  marked  with  red  paper,  near  the  end  of  the  other 
magnet  which  is  marked  with  blue  jiaper,  1  shall  have  a  strong 
aOractioD,  and  1  can  make  the  magnet  turn  entirely  round  by  its 
On  the  other  hand,  if  I  bring  the  pole  marked  blue  to- 
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wards  the  one  which  is  marked  blue,  you  will  see  a  great  repttlsioa, 
and  I  can  drive  it  round  in  this  way.  This  magnet  you  will  see  has 
the  same  effert  on  this  coil,  thrjugh  which  an  electric  current 
passes,  as  it  had  on  a  magnet.  I  can  draw  it  round,  or  drive  it 
round,  according  as  1  use  one  pole  or  the  other.  This  solenoid,  as 
it  is  called,  or  spiral,  behaves  exactly  as  a  magnet  would  behave. 

1  shall  be  able  to  show  you  the  same  fact  by  means  of  this 
spiral  here  which  floats  on  the  water.  I  have  a  little  electric 
pile  affixed  to  it,  so  that  one  end  of  the  spiral  is  constantly  sup- 
plied with  positive  electricity  and  the  other  end  with  negative 
electricity.  You  will  see  the  spiral  will  behave  exactly  like 
a  magnet  does.  In  fact,  if  the  attraction  is  strong  enough,  you 
will  see  that  the  blue  end  will  point  towards  the  nordi,  but  as 
soon  as  I  bring  the  blue  end  of  the  magnet  near  it,  it  will  be  driven 
away,  whilst  1  can  attract  it  with  the  red  end  of  the  magnet. 

If  I  know  the  direction  in  which  the  electric  current  passes 
through  the  spiral.  I  can  tell  which  end  will  behave  like  the  north 
end  of  a  magnet  and  which  like  the  south.  We  have  for  this  a 
similar  rule  to  that  which  Oersted  gave  for  the  deBection  of  a 
magnet  by  an  electric  current ;  in  fact,  it  can  be  deduced  from 
Oersted's  rule.  If  you  look  at  a  spiral  with  one  of  its  ends  turned 
towards  you,  and  if  a  current  goes  round  the  spiral  in  a  direction 
opposite  to  that  of  the  bauds  of  a  watch,  then  the  spiral  behaves 
like  a  magnet,  the  north  end  of  which  is  turned  towards  you. 

These  are  the  facts  on  which  Ampere  founded  his  theory  of 
magnetism.  He  said  ;  In  order  to  account  for  the  magneric  pro- 
perties of  iron,  we  must  assume  that  each  molecule  of  iron  is 
magnetic.  I  go  one  step  further,  and  assume  that  round  each 
molecule  of  iron  an  electric  current  passes. 

In  the  model  which  I  have  here,  you  will  see  these  molecules 
roughly  represented.  They  are  all  pointing  the  same  way,  and 
each  is  surrounded  by  an  electric  current  indicated  by  the  arrow 
heads.  You  will  see  that  in  the  interior  of  the  body,  whenever  1 
have  a  current  going  in  one  direction,  I  have  close  to  it,  so  aa  to 
counterbalance  its  effect,  a  current  going  in  the  other  direction. 
The  only  effect  on  a  point  outside  the  magnet  must  be  caused  by 
the  electric  currents  going  round  the  surface  of  the  magnet ;  and 
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icy,  as  you  see,  form  one  cnrrenl  going  round  the  magnet,  as  the 
currents  go  round  a  spiral. 

In  order  to  prove  this  theory  it  was  not  sufficient  to  say  in  a 
.general  way  a  spiral  will  behave  exactly  like  a  magnet  does ;  it 
will  be  repelled  as  a  magnet  would  be  repelled.  Ampere  had  to 
measure  the  repulsion,  and  to  show  that  it  would  be  repelled  in 
exactly  the  same  degree,  as  a  magnet  would  ;  and  he  not  only 
Tranted  to  prove  this,  but  something  more.     He  wanted  to  find 

It  the  elementary  law  with  which  each  element  of  a  current,  each 
■Int  of  this  wire  attracts  each  bit  of  another  wire  through  which  an 

ictric  current  goes,  no  matter  how  this  other  wire  is  situated. 

is  task  was  not  at  ail  a  very  easy  oue.  We  can  very  well  find 
\tKtt  the  effect  of  one  electric  current  on  anotTier,  but  we  cannot 

ipcriment  on  a  little  bit  of  one  electric  current  and  find  out  its 

ition  on  a  little  bit  of  another  current    We  have  no  bits  of 

lectric  currents ;  we  have  always  whole  electric  currents  running 

a  dosed  circuit.     Amptre   could  not  therefore  by  experiment 

idecide  how   a   bit  of  an   electric  current  would  affect  a  bit  of 

lOthcr  electric  current.  The  way  he  had  to  adopt  was  this. 
had  to  assume  all  the  possible  ways  in  which  a  bit  of  an 
«Iectric  current  could  act  on  a  bit  of  another  current,  then  he 
had  to  see  that  these  actions  when  added  together  would  correcdy 
represent  the  attraction  or  repulsion  of  the  whole  current,  as  found 
by  expcrimcnL  It  is  a  comparatively  easy  matter  to  measure 
the  force  which  acts  on  a  body,  if  we  can  set  that  body  into 
oscillations  under  the  action  of  the  given  force,  but  if  we  cannot 
do  so,  the  (ask  becomes  a  very  difticult  one.  Various  reasons 
ted  Ampere  from  using  the  method  of  vibrations,  though 
has  been  done  later  by  Weber.  Ampt-re  got  round  the 
a  very  ingenious  way.  He  found  out  by  experi- 
nent  several  cases  in  which  a  current  under  the  action  of  other 
cmrents,  though  free  to  move,  does  not  do  so,  because  the  action  of 
the  various  currents  counterbalanced  each  other.  These  cases  of 
equihlirium  were  sufficient  to  determine  the  problem  as  far  as 
complete  circuits  are  concerned,  and  from  them  Ampere  deduced 
what  is  called  Ampere's  law  of  the  action  of  electric  cuireiit  on 
other.  I  ought  to  say  that  the  problem  to  find  out  the  action  pf 
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cacb  clement  of  aa  decuk  cnrrcat  oo  anotber  b  not  ti  all 
tolred  as  jec  On  the  ooatmy,  h  is  possible  that  lor  a  tong 
time  to  come  we  shall  not  be  able  to  s^e  it,  because  we  can 
tma^DC  a  gpreal  many  diffoent  ways  in  which  bits  ctf  tanrents 
act  OD  each  other,  though  if  we  take  aQ  these  bits  together 
and  take  the  whole,  we  shall  always  arrive  at  the  same  law  far  the 
whole  drcnit ;  and  if  differeot  elemenlar}-  laws  ^ve  the  same  law 
far  the  whole  drcuit,  all  these  different  elementaiy  laws  may  be  true- 
In  order  to  get  rid  of  this  ambiguity,  Am  peie  inadea  veryEuras- 
fmoption  which  would  seem  obvious  to  all  of  us,  namely,  that  at- 
tracdoQ  and  repulsioD  is  always  to  the  diiecdon  of  the  line  which 
joins  the  two  elements.  The  laws  of  magnetic  attnictioDS  and  re- 
pulnons  and  other  attractions  and  repulsions  are  in  that  way ; 
the  two  poles  attract  or  repel  each  other  in  the  direction  of 
the  tine  which  joins  them.  He,  therefore,  made  tlus  assumption, 
and  by  means  of  this  assumption  he  airived  at  a  certain  ddinite 
law ;  but  if  we  drop  this  assumption,  and  assume  that  the  two 
elements  may  attract  each  other  in  any  way  whatever,  then  the 
problem  is  not  at  all  a  determinate  one,  and  we  can  End  out  any 
number  of  laws.  I  must  leave  that  point  now  and  go  to  another 
part  of  my  subject. 

While  Ampere  was  making  these  experiments,  Arago  had  made 
a  very  interesting  experiment  indeed,  and  this  experiment  forms  a 
transition  from  Ampere's  work  to  Faraday's.  I  will  just  show 
it  to  you  here.  He  bad  a  plate  of  copper  which  be  could 
rapidly  revolve.  If  I  turn  this  wheel,  this  copper  piatc  revolves 
rapidly.  I  will  put  a  plate  of  glass  over  the  plate  of  copper, 
so  that  I  can  revolve  the  copper  plate  without  touching  the 
glass,  which  will  remain  perfecdy  stationary.  I  now  place  a 
m^piet  which  is  free  to  move  over  the  glass  plate,  when 
the  magnet  will  point  north  and  south.  The  copper  apparently 
does  not  at  all  affect  the  position  of  the  magnet.  If  now, 
however,  I  turn  the  copper  plate  round,  a  very  curious  thing 
takes  place.  As  soon  as  1  turn  it  round,  the  magnet,  which  does 
not  BUnd  on  the  copper,  but  above  the  glass,  entirely  discon- 
nected from  the  copper,  turns  round  in  the  same  direction ;  and 
if  I  reverse  the  motion  of  the  copper  plate  you  will  see  that 
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I  the  inagnel  will  first  come  to  rest,  and  then  turn  round  again 
I  in  the  same  direction  as  the  copper  plate.  Now  what  does  this 
When  the  copper  revolved,  the  magnet  revolved  with 
;  this  shows  that  there  must  be  some  action  between  the 
\  Copper  and  the  magnet  when  the  copper  revolved,  but  nbt  when 
I  it  was  stationary.  Now,  when  I  changed  the  direction  of  the 
I  notion  of  the  copper,  the  direction,  in  which  the  magnet 
'  revolved,  changed  loo.  How  must  the  action  be,  in  order  to 
account  for  the  facts  ?  The  action  clearly  must  be  this :  Each 
part  of  the  copper  disc  whieh  approaches  the  magnet  must  tend  to 
drive  the  magnet  away  from  it,  and  each  part  of  the  copper  disc 
which  went  away  from  the  magnet  must  tend  to  attract  the  magnet 
towaids  it.  If  each  part  of  the  copper  disc  which  moves  towards 
the  magnet  tends  to  push  the  magnet  forward,  the  magnet  will 

I  move  from  the  parts  which  were  coming  towards  it,  and,  as  the 
Dlher  parU  will  attract  it,  the  magnet  will  tend  to  turn  round 
*ith  the  copper.  Now  we  have  a  law  which  says  that  when- 
ever a  force  tends  to  move  a  body  in  a  certain  direction,  a  force 
of  equal  intensity  lends  to  move  the  body  which  is  the  cause  of 
■the  original  force  in  the  opposite  direction  ;  if  therefore  each 
part  of  the  copper  disc,  which  moves  away  from  the  magnet, 
tends  to  draw  the  magnet  with  it,  then  the  magnet  in  its  turn 
must  tend  to  attract  each  part  of  the  copper  plate  which  is 
moving  away  from  it,  that  is  to  say,  it  tends  to  stop  the  motion 
of  the  copper  plate.  On  the  other  hand  the  parts  of  the  copper 
pJaie  which  move  towards  the  magnet,  lend  to  repel  the  magnet, 
and,  therefore,  must  be  repelled  again  by  the  magnet,  and 
this  shows  again  that  there  must  be  a  stress  opposing  the  rotation 
of  the  copper  plate.  I  shall  try  to  make  an  experiment  here  which 
will  show  you  this  a  little  more  dearly.  I  have  here  a  copper 
disc,  which  revolves  near  a  magnet.  I  turn  the  copper  disc 
round,  and  as  soon  as  I  pass  the  current  round  the  magnet,  as 
soon  as  it  becomes  a  magnet,  in  fact,  I  shall  have  to  use  much 
greater  strength  to  turn  the  plate  round  than  I  did  before  there 
was  a  magnet  near  it. 

You  sec  that  what  I  have  said  is  correct,  that  the  parts  of  the 
r  plaic  which  move  towards  the  magnet  repel  the  magnet 
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and  are  repelled  from  it,  and  that  the  parts  which  move  away 
from  the  magnet  are  attracted  by  the  magnet.  What  does 
this  mean  ?  I  do  not  know  of  any  other  mechanical  action  of  a 
magnet  than  that  of  another  magnet  or  an  electric  current.  The 
magneticpropertiesofa  copper  disc  do  not  account  for  its  behaviour. 
I  must,  therefore,  have  electric  currents  passing  through  the  mov- 
ing copper  disc,  and  these  electric  currents  must  be  always  such 
that  the  action  of  the  magnet  on  them  tends  to  stop  the  movement 
of  the  copper  disc 

It  is  now  very  easy  for  us  to  reason  backward,  and  to  see  how 
from  Arago's  experiment  we  might  have  discovered  the  induction 
of  electric  currents.  But  at  the  time  I  am  speaking  of,  Arago's 
experiment  was  interpreted  in  a  different  way,  until  Faraday  by 
bis  immortal  experiments  completed  the  series  of  discoveries 
which  Oersted  had  begun. 

My  time  is  up,  and  I  cannot  go  into  the  details  of  Faraday's 
experiments.  1  will  say  this  much,  however.  Faraday  found  that 
while  a  wire  approaches  or  recedes  from  an  electric  current,  an 
electric  current  passes  through  thai  wire,  and  the  direction  of 
the  electric  current  is  always  such  that  the  action  of  the  other 
current  on  it  tends  to  stop  the  motion  of  the  wire.  If  we  look 
at  a  magnet  like  ^mpi're  as  made  up  of  electric  currents,  Arago's 
experiment  is  now  easily  explained.  Professor  Tyndali  will  no 
doubt  explain  to  you  next  Saturday  much  better  than  I  can 
do  this  inductive  action.  I  must  now  conclude,  apologising 
to  you  for  the  very  imperfect  way  in  which  I  have  brought  the 
subject  before  you. 

I'he  Chairman  :  Ladies  and  gentlemen, — The  attention  which 
you  have  given  to  Dr.  Schuster's  lecture  shows  that  1  shall  be 
only  antidpatjng  your  own  feehngs  by  asking  you  to  record  in 
a  formal  way  your  thanks  to  him  for  his  lecture.  For  my  own 
part  I  have  listened  to  it  with  the  very  greatest  interest,  and  have 
admired  very  much  indeed  the  lucid  way  in  which  he  has  traced 
out  the  history  of  some  of  the  greatest  scientific  discoveries  that 
have  been  made  at  any  time,  and  has  shown  that  these  did 
not  happen  accidentally  or  independently  of  one  another,  but  that 
each  contribution   that  is   made  to  our  knowledge  of  natural 
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phenomena  prepares  the  way  for  further  advances,  and  is  itself 
rendered  possible  by  those  which  have  preceded  it.  Dr. 
Schuster  has  shown  us  very  beautifully  this  organic  connexion — 
one  discovery  growing  out  of  another— among  the  subjects 
which  he  has  brought  before  us  to-night.  I  will  ask  those  of  you 
who  share  my  feeling  of  gratitude  to  Dr.  Schuster  to  express  it  in 
the  usual  way. 


FARADAY'S   APPARATUS. 

Lecture  ev  Professor  Tyndall,  F.R,S. 


Sir  Francis  R.  Sandford,  C.B„  in  the  chair. 

The  Chairman  :  Ladies  and  Gentlemen, — There  is  no  special 
need  for  any  remarks  on  my  part  in  introducing  to  you  Professor 
Tytidall,  who  has  kindly  volunteered  to  give  us  the  lecture  this 
evening. 

Professor  Tyndall  :  Some  time  ago  my  friend  Major  Festing 
did  me  the  honour  of  asking  me  to  address  you  on  this  occasion 
with  reference  to  the  instruments  of  Faraday  ;  and  although  at  this 
season  of  the  year  rest  instead  of  work  is  most  suitable  for  me,  I 
could  not,  considering  my  relations  with  that  extraordinary  man  for 
sixteen  or  seventeen  years  of  my  life,  decline  the  invitation  of 
Major  Festing,  and  therefore  it  is  that  I  am  here  before  you  to- 
night to  talk  to  you,  in  an  entirely  extempore  manner,  about  the 
tools  with  which  Faraday  worked,  and  to  make  known  to  you, 
as  far  as  the  brief  time  at  our  disposal  will  allow,  the  use  that 
he  made  of  them, 

In  the  year  1800  Volia  announced  his  great  discovery  of  the 
voltaic  pile,  so  called  because  it  consisted  of  a  column  of 
different  metals — zinc  and  copper,  we  will  say — arranged  in  pairs, 
with  a  wet  cloth  or  wet  cardboard  between  them.  It 
was  found  subsequently  that  this  arrangement  of  a  vertical  pile 
was  inconvenient,  and  that  it  would  be  an  improvement  to  have  the 
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column  turned  horizon  tally,  employing  instead  of  the  wet  cloth  or 
cardboard,  a  proper  exciting  liquid  between  the  plates.  Such  a 
pile  or,  as  it  is  sometimes  called,  a  voltaic  battery,  is  here  before 
you.  When  we  connect  the  two  ends  of  this  balteiy,  by  a  wire, 
through  the  connecting  wire  passes  what,  for  the  want  of  a  better 
name,  we  call  a  voltaic  or  electric  current.  In  the  same  year  in 
nrhich  Volta  announced  his  discovery  of  the  pile — and  in  fact  before 

"  le  full  description  of  it,  in  a  letter  addressed  by  Volta  to  Sir 
IJoseph  Banks,  the  then  President  of  the  Royal  Society,  leached 
fliis  country —  it  was  found  by  Nicholson  and  Carlisle  that  whea 
instead  of  making  the  wire  continuous  you  cut  it  across,  and 
dip  the  two  severed  ends  of  it  in  water,  the  water  is 
decomposed  by  the  voltaic  current.  From  that  hour  attention 
was  for  a  long  time  directed  to  these  decompositions.  With  them 
the  name  of  Davy  is  immortally  associated  ;  for  it  was  by  means 
of  the  current  that  he  liberated  from  the  alkaline  earths  those 
wonderful  metals  which  we  now  know  under  the  names  of 
potassium  and  sodium. 

A  new  impulse  was  given  to  enquiry  through  the  discovery  in 
1810  by  Oersted  of  Copenhagen,  that  when  a  wire  carrying 
a  current  is  brought  over  a  magnetic  needle,  the  needle  is 
deflected  &om  its  meridian.  This  discovery  excited  an  enormous 
amount  of  attention  ;  as  I  have  expressed  it  elsewhere,  it  pre- 
dpitaied  upon  itself  the  scientific  thought  of  Europe.  There  was 
tad  is  at  Geneva  a  band  of  cultivated  men  who  have  always  been 
quick  in  working  out  new  scientific  problems  and  in  repeating 
■By  new  scientific  experiment.  They  got  intelligence  of  Oer- 
I's  discovery,  and  in   September   they  repeated  the  experi- 

lent  which  he  had  first  made  in  July,  A  member  of  the 
Ji  Academy  of  Sciences,  happening  to  be  in  Geneva  at  the 
time,  saw  the  experiment,  and  on  the  nth  of  September  he  des- 
cribed to  the  Academy  in  Paris  what  he  had  seen.  One  of  the 
greatest  scientific  intellects  that  ever  lived,  the  celebrated  Ampere, 
was  present  at  that  meeting.  He  listened  to  the  account 
of  Oersted's  discovery,  went  home,  and  precisely  a  week 
afterwards,'  that  is  to  say,  on  the  i8th  of  September,  he 
brought  before  the  Academy  additional  facts  and   phenomena, 
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which  in  number  and  importance,  considering  the  brief  time  de- 
voted to  their  discovery,  have  never  perhaps  been  equalled  in  the 
history  of  science.  He  discovered  not  only  that  the  current 
acted  upon  a  magnetic  needle,  but  that  currents  acted  upon  each 
other :  he  devised  apparatus  by  which  currents  were  rendered 
moveable  and  by  which  moveable  currents  were  acted  upon  by 
fixed  currents.  In  this  single  week  he  developed  the  laws  of  what 
we  now  call  electro-dynamics. 

Amp&re's  experiments  led  him  to  associate  in  the  most  intimate 
manner  voltaic  electricity  and  magnerism.  They  finally  led  him 
to  enunciate  the  bold  and  beautiful  theory  that  an  ordinaiy 
magnet  was  nothing  more  than  an  assemblage  of  electric 
currents  circulating  round  the  atoms  of  the  steel,  and  he 
proved  that  by  properly  suspending  a  spiral  through  which 
an  electric  current  was  sent  the  spiral  would  show  the 
efi'ects  of  magnetism.  Such  a  dehcately  suspended  spiral  is 
here  before  you.  With  each  end  of  the  copper  spiral  is 
connected  a  smaller  spiral  of  platinum  wire,  through  which  the 
current  circulating  through  the  larger  spiral  will  pass.  The 
current  will  ignite  the  platinum  wire,  so  that  at  the  two  ends  of 
this  suspended  spiral  of  copper  wire  you  will  have  two  little  incan- 
descent platinum  lamps  announcing  the  passage  of  the  current. 
The  experiment  requires  very  delicate  adjustment,  but  still  you 
notice  that  the  spiral  acts  like  a  magnetic  needle,  and  sets  itself 
in  the  magnetic  meridian,  in  obedience  to  the  solicitarion  of 
the  earth's  magnetism.  \Vhi.'n  moreover,  the  end  of  a  steel 
magnet  is  brought  near  one  end  of  the  spiral,  you  observe 
that  repulsion  ensues.  If  the  other  end  of  the  magnet  be 
presented  to  the  spiral,  attraction  ensues ;  so  that  you  can 
in  spirals  of  this  kind  develope  the  phenomenon  of  polarity  and 
all  the  other  phenomena  of  magnetism.  On  the  rSth  of  Septem- 
ber, 1870,  Ampyre  made  known  these  beautiful  experiments  to 
the  Academy  of  Sciences,  and  a  week  subsequentiy,  liaving 
been  working  in  concert  with  his  colleague  Arago,  he  showed 
that  the  wire  through  which  the  current  passed  differed  from 
an  ordinary  wire  in  a  manner  now  to  be  made  plain  to  you. 
Through  this  wire  the  current  will  pass  immediately,  but  before  it 
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_  BBWs  I  will  place  the  wire  in  iron  filings.      The  wire  has  not 

the   slightest  attraction  for  these  lilings ;  but,  as  soon  as  the 

drcuit  is  established,  on  lifting  the  wire  out  of  the  iron  filings 

they  adhere  to  it,  making  it  almost  as  thick  as  a  quill.     They 

e  held  there  solely  by  this  power,  to  which  we  give  the  name  of 

■   voltaic    current.     The   moment   the   current   is   inlerrupted 

(wn  fall  the  filings,  because  the  attraction  has  ceased.     This 

Bcovery  was  brought  before  the  Academy  of  Sciences  on  *e 

kth  of  September,  1 820. 

1  Multitudes  of  facts  were  soon  added  by  Ampere  and 
ihers  to  those  already  discovered.  Faraday  struck  into  this 
eld  in  theyear  i8ji.  He  wished  to  know  all  that  had  been  done 
it,  but  he  found  the  literature  so  scattered,  that  there  was 
!at  difficulty  in  obtaining  a  connected  view  of  what  had  been 
mph'shed  up  to  that  time.  In  order  to  instruct  his  own 
■Bind  he  set  himself  to  wrile  a  history  of  electric  magnetism. 
This  essay  was  published  anonymously  in  Thompson's  'Annals 
Philosophy,'  and  here  was  the  portal  by  which  Faraday 
Eltered  on  his  great  career  as  regards  electricity.  He  worked  at 
;  subject  with  very  considerable  results.  It  was  then  thought 
by  various  able  men  that  interactions,  not  yet  known, 
might  exist  between  voltaic  currents  and  between  such  currents 
and  a  magnet.  Faraday  sought  and  discovered  such  interac- 
tions, and  I  have  here  one  of  the  instrumeiils  devised  by  himself, 
intended  to  show  the  rotation  of  a  current  roiuid  a  magnet. 
Through  the  centre  of  a  little  vessel  containing  mercury 
passes  a  little  magnet,  and  dipping  into  the  mercury  is  a 
wire  loosely  hung  at  its  upper  end.  With  the  most  simple 
devices  Faraday  accomplished  his  experimental  ends,  and 
this  is  one  of  them.  The  apparatus  is  so  small  that  even  those 
dose  at  hand  could  hardly  see  it ;  and  we  will,  therefore, 
throw  the  shadow  of  it  upon  a  screen.  You  observe  that  the 
wire  rotates  the  moment  a  current  is  passed  through  it.  This  was 
Faraday's  first  discovery  in  the  domain  of  electro-magnetism. 
Ho  subsequently  devised  a  larger  apparatus,  which  my  assistant, 
Mr.  Coltrell,  will  now  place  before  us.  The  ingenuity  manifested 
^^By  Ampere  in  rendering  his  currents  moveable,  so  that  they  could 


be  fieely  acted  upon  by  other  currcats,  or  b^  magnets,  was  extra- 
oidinaiy.  Here  is  an  example  of  the  devices  that  were  then 
applied.  A  moveable  aim  is  supported  by  a  point  which  offeis 
exceedingly  little  friction  and  dips  into  a  capsule  containing 
mercury.  A  large  bai  magnet,  round  which  the  movable  arm  can 
rotate,  stands  erect.  Making  the  circuit,  we  send  a  current  through 
the  moveable  arm,  and  that  cuirent  aaed  upon  by  the  magnet 
rotates  completely  round  the  magnetic  pole.  The  direction  of 
the  current,  moreover,  governs  the  direction  of  the  rotation  ; 
because  by  reversing  the  current  in  that  moveable  wire,  we  at 
once  stop  this  motion  and  produce  rotation  in  the  opposite 
direction.  This  then,  as  I  have  said,  was  Faraday's  first  ciperi- 
ment  on  entering  the  domain  of  electro-magnetism. 

He  was  subsequently  engaged  upon  the  liquefaction  of  gases; 
and  here  he  established  the  great  truth  that  what  we  call 
gases  are  merely  the  vapours  of  liquids  with  a  very  low  boiling- 
point.  He  liquefied  chlorine  in  1823.  Turning  his  attention  to 
chemistry,  in  1825  he  discovered  the  substance  called  benzole — 
the  basis  from  which  all  those  aniline  dyes  which  are  now 
so  frequent,  have  been  developed.  Soon  afterwards  he  devised 
that  beautiful  instrument  which  you  are,  no  doubt,  all 
acquainted  with,  the  chromatrope.  He  then  went  on  to  inves- 
tigate the  vibrations  of  plates,  and  solved  some  of  the  difficulties 
that  had  beset  the  subject  pre\-iously.  This  brought  him  to  the 
year  1831,  when  he  was  40  years  old,  having  been  bom  on 
the  iind  September,  1791.  At  this  time  the  thought  occurred  to 
him  that  an  electric  current  in  passing  through  one  wire  might 
exert  some  action  upon  another  wire  placed  near  the  one  through 
which  the  current  passed.  His  apparatus  is  here— his  own 
series  of  wires  which  are  placed  in  the  collection  of  scientific 
instruments.  These  old  coils  are  for  ever  memorable,  for  they 
were  made  by  Faraday's  own  hand.  But  for  the  sake  of  plain- 
ness I  will  use  a  larger  coil.  Here  are  two  wires  wound  side 
by  side  round  a  reel,  and  entirely  insulated  from  each  other. 
One  of  these  wires  is  connected  with  an  instrument  called  a  gal- 
vanometer, in  which  the  discovery  of  Oersted  is  turned  to 
account.    It  is   the  peculiarity  of  our  science,  that  no  soontf 
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a  discovery  made   than   it   is   converted   into  the  germ  or 
»0t  of  furlher  discoveries,    so  that,  instead  of  being  an  aggre- 
Kpte   of  facts,  science   propagates   itself  like  a  living  organism. 
"Tic  galvanometer  consists  of  a  wire  coiled  round  a  magnetic  needle, 
f  ind  I  will  make  with  it  exactly  the  same  experiment   before  you 
(  Faraday  made  in  1831.      I  cannot  tell  you  what  his  reason 
[  was  for  making  it.     Indeed,  men  like  Faraday  have  an  instinct  in 
I  Aose  matters  beyond  what  they  themselves  are  always  able  to  ex- 
\  {>lain.     From  a  battery  of  five  cells  1  send  a  current  through  one  of 
I  &e  wires  of  the  reel  referred  to  a  moment  ago.     The  other  wire, 
I  tUnch  has  no  connection  at  all  with  the  batter^-,  is  united  with  the 
I  galvanometer,  and  if  you  look  at   its  needle  you  will  observe 
J  irtiat    Faraday   observed  —  a   slight    motion    of   the    magnetic 
§seedle  the  moment  I  establish  the  circuit.    The  cause  that  pro- 
1  that  motion  vanished  immediately ;    and  as  long  as    the 
I  current  continues  to  flow  round  the  reel,  there  is  no  action  what- 
I  ever  upon  the  needle,  which  returns  evactly  to  zero,  as  it  was 
I  liefore.     During  the  continuous  flow  of  the  current  through  the 
\  one  wire,  it  has  no  sensible  effect  on  the  other ;  but  the  moment 
mtercepi  the   current  you  observe  a  deflection  of  the  needle 
OD  the  other  side. 

This  was  Faraday's  first  observation  with  regard  to  these 
currents,  to  which  he  gave  the  name  of  induced  airretits. 
He  found  that  when  he  made  his  circuit,  and  at  the  moment 
of  making  it  only,  a  current  was  set  up  in  the  wire  unconnected 
with  the  battery.  He  found  also  that  on  breaking  the  battery 
circuit  another  momentary  current  was  set  up,  which  deflected 
the  needle  in  the  opposite  direction.  This  was  to  him  profoundly 
significant.  He  went  on  varying  and  exalting  the  action  of 
these  induced  currents.  He  was  perfectly  convinced,  from  the 
experiments  of  Oersted,  and  from  those  of  Ampere,  of  the  intimate 
alliance  between  electricity  and  magnetism,  and  this  caused  him 
to  make  the  following  experiment.  Into  a  coil  of  wire,  like  that 
before  you,  he  introduced  a  magnet,  and  saw  instantly  that  a 
distant  galvanometer  needle  moved  in  obedience  to  the  influence. 
Sot  as  long  as  the  magnet  remained  motionless  within  the  coil  there 
^Lwas  no  anion  whatever  upon  the  needle.  It  was  only  a  momentary 
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action  produced  during  the  time  that  the  magnet  was  being 
forced  into  the  coil.  I  repeal  Faraday's  experiment,  and  obtain 
his  result.  And  now  I  simply  withdraw  the  magnet,  and  you 
observe  a  prompt  deflection  on  the  other  side.  Faraday  next 
took  a  core  of  iron,  placed  it  within  a  heUx  of  copper  wire, 
and  magnetised  the  core  sUghtly  by  bringing  a  magnet  into  con- 
tact with  it.  He  was  unable  to  alter  the  magnetic  condition 
of  the  space  within  the  helix  without  producing  in  the 
helix  one  of  those  induced  currents.  I  bring,  as  Faraday  did,  a 
magnet  up  against  the  core,  and  you  see  the  deflection  of  the 
needle.  It  moves  for  a  certain  distance,  but  it  is  only  during 
the  moment  in  which  magnetism  is  being  set  up  in  the  core 
that  this  current  is  observed.  I  now  withdraw  the  bar  magnet 
from  the  core,  the  magnetism  of  the  iron  subsides,  and  this  sub- 
sidence is  accompanied  by  an  induced  current  opposite  in  direction 
to  the  former  one. 

Another  piece  of  apparatus  that  you  will  find  in  the  col- 
lection is  this  iron  ring.*  Faraday  had  two  insulated  wires  sur- 
rounding the  two  halves  of  this  ring  and  separated  from  each  other  ; 
one  wire  is  intended  to  go  to  [he  battery,  and  the  other  to  the  gal- 
vanometer, and  they  are  quite  apart.  I  send  a  current  through  one 
of  these  coils.  It  magoetises  theiron  ring,  and  this  evokes  an  induced 
current  in  the  other  coil,  which  declares  ilsetf  on  the  galvanometer. 
There  is  an  ample  deflection  which  can  be  seen  by  all.  It  is 
only  during  the  act  of  magnetization  that  this  effect  is  produced. 
It  is  a  perfectly  momentary  effect.  I  intercept  the  battery  current, 
and  the  subsidence  of  the  magnetism  in  the  iron  ring,  as  in  the 
case  just  brought  before  you,  causes  a  deflection  of  the  needle 
in  the  opposite  direction.  We  are  now  travelling  in  the  footsteps 
of  Faraday.  We  might  vary  this  experiment  by  taking  simply  a 
coarse,  loose  coil  of  copi>er  wire  over-spun,  like  that  before  you, 
with  cotton  for  the  purpose  of  preventing  its  different  parts  from 
coming  ioto  contact  with  each  other.  I  simply  thrust  this  bar 
magnet  through  the  coil,  and  you  see  the  wonderful  action  pro- 
duced on  the  needle  of  a  galvanometer  connected  with  the  coil. 
I  wish  I  were  able  to  tell  you,  or  that  you  were  able  to  tell  me, 
*  In  Foky**  magnifiaeiii  *aiuc  of  Fuwby  ihis  rins  »  beld  in  the  hud. 


FARADATS  APPARATUS. 


ut  has  here  occurred  between  the  magnet  and  the  coil — what 

ji  the  state  of  the  space  between  them.     We  do  not  now  know 

what  it  is,  but   assuredly  we    shall    know    by-and-by ;    it  is  a 

[■  nibject  for  future  investigation.     In  mthdrawing  the  magnet  from 

f  She  coil  the  needle  swerves  suddenly  in  the  opposite  direction. 

I  At  every  entrance  of  the  magnet    into    this  coil,  and  at  every 

[  withdrawal  of    the  magnet   from  the  coil,  you  have  these  effects 

reduced. 

.  At  the  time  that  Faraday  made  these  discoveries,  an  unsolved 

coblem  presented  itself  to  scientific  men.     Obser%'e  this  disc  of 

iopper  associated   with    this  whirling  table.    Over  that  disc  is 

ispendcd  a  magnetic  needle.     The  moment  the  disc  is  caused  to 

tate,  the  magnetic  needle  immediately  follows  it.     You  might  be 

isposed  to  say  that  this  is  due  to  the  air  currents  acting  upon 

Piagnetic  needle,  but   that   is  not  so.     You  may  introduce 

recn  the  disc  and  the  magnetic  needle  a  plate  of  glass,  which 

SDtirely  protects  it  from  all  air  currents,  aqd  precisely  the  same 

r  effect  Mlows.    Turning  the  disc  in  the  opposite  direction,  the 

I  needle  flops  and  reverses  its  motion.     This  is  a  great  discovery, 

I  fbr  which  we  are  indebted  to  Arago  ;  but  Arago  did  not  solve  itj 

T  did    he    pretend  to  solve  it.     The  experiment  was  repeated 

ftwed  the  subject  was  investigated  by  the  most  eminent  men  of  the 

f'^y,  among  others  by  Sir  John  Herschel   and   Mr.  Babbagc, 

licy  all  had  their  notions  regarding  it,  but  not  until  Faraday 

made  the    discovery  which  I    have   shown   you,  was   any  light 

thrown  upon  the  "  magnetism  of  rotation  "  discovered  by  Arago. 

Faraday  immediately  saw  that  we  cannot  have  a  rotating  copper 

disc  in  the  presence  of  a  magnetic  needle  without  the  production 

of  induced    currents   in    the    disc,    and   we  cannot   have   such 

iaduced  currents  without  interaction  taking  place  between  them 

aod  the  magnetic  needle.     He  demonstrated  the  existence  of  these 

ciureDts,  and  thus  entirely  solved  the  enigma  which  had  previously 

perplexed  scientific  men. 

Now,  I  wish  you  to  be  acquainted  not  only  with  Faraday's 
mode  of  experimenting,  but  with  the  imagery  of  Faraday's 
mind  in  dealing  with  these  subjects ;  and  for  this  purpose  I  will 
-Sbow  you  ao  effect  familiar  probably  to  most  of  you,  and  that 
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ill,  the  inannof  \a  whidi  ifon  filings  arrange  themselves  round  a 
uujfuct  In  order  to  render  it  planer  we  have  here  two  very 
liiuoll  uia^ucts,  a  magnified  image  of  which  we  can  throw  upon 
ft  Kciecn.  Over  these  magnets  we  scatter  iron  filings,  and 
you  obierve  the  beautiful  manner  in  which  they  arrange 
lhuiusclvc3.  The  arrangement  of  the  filings  in  those  lines, 
which  were  formerly  called  magnetic  curves,  but  which 
Faraday  called  "  lines  of  magnetic  force,"  furnished  him  with  a  con- 
ception which  was  present  in  his  mind  throughout  all  his  scientific 
life.  Faraday  found  thai,  in  order  to  produce  his  induced  cur- 
rents, he  must  cut,  by  the  wire  in  which  the  induced  current  is 
to  be  evoked,  the  lines  of  magnetic  force.  This  was  also  true  of 
terrestrial  magnetism.  A  dipping'Ueedle  in  this  room  would  form  an 
angle  of  between  70  and  So  degrees  with  the  horizon.  Here  is  an 
apparatus,  constructed  for  me  by  one  wiiom  we  all  lament  both  as  a 
mechanician  and  as  a  man,  the  late  Mr.  Becker.  I  will  cause  this  ap- 
paratus, which  consists  simply  of  wire  coiled  round  a  frame,  to  ro- 
tate so  that  the  axis  of  rotation  shall  coincide  with  the  line  of  dip. 
The  two  ends  of  the  coil  passing  round  the  circular  frame 
are  connected  with  the  galvanometer.  When  it  thus  rotates  there 
is  no  action  whatever  upon  the  needle. 

Faraday  figured  the  earth  as  a  magnet ;  he  figured  these  lines 
of  dip  as  lines  of  force,  so  that  if  you  could  scatter  iron  filings  iit 
the  air  of  this  roora  and  could  withdraw  them  from  the  action 
of  gravity,  causing  them  to  float  free  from  the  attraction 
of  the  earth,  they  would  arrange  themselves  in  lines  parallel 
to  the  axis  of  rotation  of  that  coil.  By  placing  the  coil  in 
another  position  I  destroy  the  parallelism  of  its  axis  with  the 
line  of  dip ;  it  will  now  cut  the  earth's  lines  of  magnetic  force, 
and  we  get  immediately,  by  the  action  of  the  earth's  magnetism, 
a  large  deflection  of  our  needle.  I  turn  the  coil  from  right 
to  lefi ;  the  deflection  of  the  needle  is  in  a  certain  direction  ; 
I  turn  it  backwards  and  the  needle  moves  in  the  opposite  direc- 
tion. 

In  the  case  of  terrestrial  magnetism,  which  is  much  feebler 
than  that  of  our  ordinary  magnets,  we  shall  operate  with  greater 
advantage  by  employing  a  more  delicate  galvanometer,  and  I 
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win  use  for  this  purpose  thai  very  beautiful  instniment  for  which 
we  are  indebted  to  Sir  William  Thompson.  In  the  one  we  have 
been  using,  we  employ  long  needles  such  as  were  frequently 
used  by  Faraday  himself,  but  in  this  reflecting  galvanometer 
there  is  a  very  short  needle  protected  from  the  action  of  air 
currents.  Associated  with  the  needle  is  a  mirror,  upoti  which 
if  a  beam  of  light  be  thrown,  it  is  reflected  back  upon  the  screen. 
Every  motion  of  the  needle  is  accompanied  by  the  motion  of 
the  spot  of  light  upon  the  screen. 

Here  then  is  a  single  loop  of  wire,  and  here  is  a  bar  magnet. 

The  instant   I   put  the  end  of  the  magnet  into  the  loop,  the 

image   reflected  from  the  mirror   travels  over  the   screen.     The 

induced  current  evoked  in  the  single  loop  of  copper  wire  subsides 

immediately,  and  the  needle  of  the  galvanometer  comes  to  rest, 

f  I  now  simply  withdraw  the  loop  from  the  magnet ;  you  notice  a 

Bidcflection  of  the  spot  of  light  in  the  opposite  direction.      The 

T  notion  of  the  loop  gives  me  the  most  complete  command  over 

]  the  motions  of  the  galvanometer. 

Again,  here  is  a  flat  spiral  of  covered  copper  wire  through  which 

I  is  sent  a  current  from  our  battery.     Here  is  another  similar  coil 

L  which  is  connected  with  the  galvanometer.    When  this  second  coil 

i^iproaches  the   other,  and  as  long  as  it  continues  to  approach, 

jfou  get  an  induced  current  evoked  in  the  approaching  coil  j  and 

when  it   retreats   you   get   an   induced    current  evoked    in  the 

I  opposite  direction.     These  opposite   induced   currents  are  de- 

L  dar«d  by  the  opposite  movements  of  the  spot  of  light  on  the 

■oeeD. 

You  cannot  move  this  second  coil  in  the  presence  of  the 
one  through  which  the  battery  current  flows,  without  producing 
Ib  the  former  one  of  those  wonderful  induced  currents.  This  is 
also  true  with  regard  to  the  action  of  teirestrial  magnetism. 
Taking,  as  before,  our  coarse  coil  of  covered  wire,  and  connect- 
ing its  two  ends  with  the  reflecting  galvanometer,  I  simply  lift 
Siat  coil  of  wire,  or  one  part  of  it,  off  the  table;  you  observe 
what  occurs.  The  coil  cannot  be  turned  in  any  way  except  one, 
tliat'is,  by  making  its  axis  of  rotation  coincident  with  the  earth's 
les  of  magnetic  force,  without  producing  a  deflection  of  the 
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needle.  If  1  lift  it  up  in  the  slightest  degree,  the  current 
evoked  by  the  magnetism  of  our  earth  appears.  If  I  let  it  611, 
the  deflecrion  is  in  the  other  direction  j  so  that,  practically  speak- 
ing, there  is  not  a  gentleman  or  lady  m  this  assemblage  who 
wears  a  ring,  who  can  move  his  or  her  finger  without  evoking 
in  the  ring  one  of  those  wonderful  induced  currents.  Here  is 
Faraday's  own  apparatus  by  means  of  which  he  obtained  these 
effects.  It  is  a  rectangle  of  copper  wire,  made  possibly  by  his 
own  hands.  If  we  place  that  rectangle  thus,  so  as  to  make  the 
axis  of  rotation  coincide  with  the  line  of  dip,  we  get  no  induced 
current  in  the  rectangle,  but  in  all  other  positions  of  the  rectangle 
Faraday  obtained  these  currents. 

For  the  purpose  of  gathering  up  these  opposite  currents  and 
sending  them  all  in  a  common  direction,  an  instrument,  called 
a  commutator,  was  introduced.  It  is  now  a  well-known  instru- 
ment, and  you  will  find  many  examples  of  it  in  the  science 
collection. 

Another  beautiful  experiment  of  Faraday's  consists  in  obtain- 
ing induced  currents  by  the  rotation  of  a  magnet  round  its  own 
axis.  Half  the  magnet  is  plunged  in  mercury.  The  top  of  the 
magnet  is  connected  with  a  wire  going  to  one  end  of  the 
galvanometer  wire,  and  the  mercury  is  connected  with  the  Other 
end  of  that  wire.  By  simply  turning  such  a  magnet  round  its  own 
axis,  Faraday  obtained  these  induced  ciurents.  The  thoroughness 
with  which  he  exhausted  these  relations  of  magnetism  and  elec- 
tricity is  astonishing. 

Faraday  himself,  when  first  investigating  these  small  actions, 
s^d,  "  1  am  far  less  desirous  of  exalting  these  effects  and  of 
making  them  strong  than  of  adding  new  facts  and  principles. 
I  know  full  well  that  the  time  will  come  when  these  effects 
if  necessary  will  be  exalted."  That  prediction  has  proved 
true.  If  you  go  down  to  Dover  and  cross  over  to  Calais  at 
night,  you  will  ol^serve  upon  the  South  Foreland  two  lights  of 
solar  splendour  shining  over  the  sea.  Those  lights  are  produced 
by  currents,  the  germs  of  which  have  been  now  placed  before  you, 
and  which  were  discovered  by  Faraday  in  1S31. 
I  asked  you   particularly  to  bear  in  mind   the  direction  of 
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Taiaday's  lines  of  force  round  the  small  horse-shoe  magnet,  and  I 
w  want  to  show  you  an  experiment  which  illustrates  in  a  manner 
re  striking  perhaps  than  any  you  have  yet  seen,  the  influence 
those  celebratetl    lines  of  force.      Here  is  the  magnet    with 
ich  we  operate  at  the  Royal  Institution,  and  we  have  it  in  our 
to  set  it  horizontally  or  vertically.     This  great  horse-shoe 
let  is  exactly  similar  to  the  smaller  one,  the  image  of  which 
thrown  on  the  screen.     Between  the  two  poles  of  this  magnet 
placed  a  cube  of  copper,  which  you  will  find  in  the  collection, 
suspended  from   a  thread   whidi    has   a  great   amount   of 
n,  and  a  beam  of  light  is  thrown  upon  this  little  pyramid, 
imposed  of  four  bits  of  looking-glass.     1  will  now  liberate  ihe 
ibe  ;  the  beams  of  light  rotate,  reflected  from  the  bits  of  looking- 
and  you  see  a  band  oflight,  due  to  the  rotation  of  the  cube.  By 
dtiog  the  magnet,  that  motion  is  instantly  stopped,  and  the  band 
»mcs  a  spot.     The  torsion  of  the  thread  struggles  to  twist  the 
fcnbe  round,  but  it  moves  as  if  immersed  in  honey  or  treacle  or  some 
Other  viscous  medium.     The  reason  is,  that  you  cannot  turn  the 
taibe  between   the  poles    of   the  magnet   without    exciting    in- 
duced currents  in  the  cube,  and  you  cannot  excite  these  induced  cur- 
tents  without  an  interaction  being  set  up  immediately  between 
them  and  the  magnet.     This  is  what  stops  the  motion  and  causes 
the  cube  to  turn  as  if  it  were  moved  through  a  viscous  medium. 
We    will  now  so   place  the    magnet   as  to  cause  the  axis  of 
itatioD  to  coincide  with  the  lines  of  force  passing  across  from 
^polc  to  pole.    The  cube  occupies  precisely  the  same  position 
between  the  poles  as  before,  but  in  this  case  its  axis  of  rotation 
coincides  with  the  lines  of  magnetic  force,  and  you  find,  when  we 
Strike  the  proper  line,  that  the  making  or  breaking  of  contact  has 
not  the  slightest  influence  upon  the  rotation  of  the  cube.     If, 
moreover,  lieiween  the  two  poles   of  this  magnet  you   move   a 
plate    of  copper    as    a    saw,    you    ran    hardly    resist   the    im- 
pression chat  you  are  cutting  cheese  ;  and    this  is  entirely  due 
to    the    action   set    up   between    the  magnet    and   the    induced 
currents    evoked  in    the  copper   by   this   motion.     If  you  drop 
balf-a.crown  from  a  height   between  the  poles  of  Lord  Lind- 
say's great  magnet,  on  coming  between  the  poles,  it  is  arrested, 
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and  slowly  and  deliberately  descends  between  them  because  of 
the  currents  set  up  by  its  motion  across  the  lines  of  force. 

We  now  pass  on  to  another  discovery,  the  full  fruit  of  which 
must  be  reserved  for  the  investigator  of  the  future.  It  is  what 
Faraday  called  the  magnetisation  of  a  ray  of  light.  In  1827  he, 
in  association  with  Sir  John  Herschel  and  others,  established  a 
furnace  at  the  Royal  Institution  for  the  purpose  of  malting  glass 
suitable  for  optical  purposes.  They  wanted  a  very  powerfully 
refracting  glass.  It  was  produced,  but  unhappily  it  was  very 
easily  tarnished  and  never  came  into  use  as  optical  glass.  With 
that  heavy  glass,  however,  Faraday  made  some  of  Jiis  most 
important  discoveries,  among  others  the  one  which  I  am  now 
going  to  illustrate  before  you.  Sturgeon  showed  that  if  you  coil 
a  wire  round  a  piece  of  iron,  and  send  a  voltaic  current  through 
the  coil,  you  confer  upon  the  iron  the  most  intense  magnetism ; 
and  here  we  have  a  piece  of  a  link  of  a  chain-cable,  and 
round  about  it  we  have  a  coil  of  wire  which  will  enable  us 
to  render  the  link  a  powerful  magnet.  Upon  the  poles  of  the 
magnet  are  two  perforated  pieces  of  iron,  and  from  one  piece 
to  the  other  a  bar  of  Faraday's  heavy  glass  is  laid.  We  will 
send  a  beam  of  polarised  light  through  a  lens,  through  the  per- 
forations of  the  poles,  through  the  heavy  glass,  and  finally  through 
a  piece  of  Iceland  spar,  called  a  Nicol's  prism.  The  Nicol  is 
so  placed  that  there  is  very  little  light.  If  I  turn  it  a  little  round, 
the  light  comes  through  it ;  but  I  turn  it  so  as  to  get  the  maximum 
darkness.  At  the  present  time  the  magnet  is  merely  a  piece  of 
inert  iron.  I  make  the  circuit,  excite  the  magnet,  and  you  imme- 
diately see  the  revival  of  the  light  on  the  screen.  This  is  what 
Faraday  called  the  magnetisation  of  a  ray  of  light.  When  the 
circuit  is  broken,  the  light  subsides.* 

Time  permits  me  to  say  only  one  word  with  regard  to  another 
great  discovery  of  Faraday's.     We  have  spoken  of  these  induced 

*  Thf  rontioii  of  the  plane  of  polarintion  wis  also  ihown  during  die  lectuic  by 
mcuu  of  11  plale  of  lighi  handed  and  tcfi  handed  quartz.  A  scmiciiclc  wa* 
roitnid  of  each  crymil.  Bringing  boih  Mmicirclo  to  a  common  puce  coloui,  on 
exciting  the  magnet  the  one  became  ted  and  the  other  green.  The  icveral  of  rhe 
cuircDl  caused  the  icveral  of  the  colour. 
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and  of  the  magnetisation  of  light,  and  I  have  shown  you  the 
ipparatus  with  which  he  operated.  Now  I  wish  to  show  you  an 
It  on  an  exceedingly  minute  scale,  but  one  of  very 
at  iheoreiical  importance.  In  reference  to  this  experiment 
lod  to  this  discover}',  the  quality  of  Faraday's  mind  was  con- 
picuously  shown.  The  effect  had  been  observed  before  him, 
iui  he  knew  nothing  at  all  about  the  observations  which  had 
been  made.  It  had  been  observed  by  Brugmanns  and  others 
that  antimony  and  bismuth  were  repelled  and  not  attracted 
by  the  magnet.  Faraday  re-discovered  the  fact  of  repulsion 
with  his  heavy  glass  to  which  I  have  referred.  He  then  passed  on 
to  bismuth  and  to  antimony  and  other  substances.  It  was  one 
feature  of  Faraday's  mind,  that  he  never  rested  content  until 
he  brought  the  strongest  power  he  could  evoke  to  hear  on  the 
substances  he  operated  upon.  He  pushed  things  as  far  as  the 
state  of  scieoce  then  existing  would  allow  him  to  push  them. 
He  brought  powerful  magnets  to  bear  upon  matter  of  all  kinds, 
and  he  fouod  that  matter  generally  fell  into  two  classes  :  into  that 
class  of  bodies  ordinarily  called  magnetic,  which  were  attracted  by 
the  magnet,  and  into  the  class  which  he  called  dia-magnetic  and 
which  were  repelled  by  the  magnet.  The  most  conspicuous  instance 
of  repulsion  by  the  magnet  is  exhibited  by  the  metal  bismuth. 
^Ve  have  here  a  little  pellet  of  bismuth  placed  in  front  of  a  mass  of 
iron  associated  with  the  magnet.  On  exciting  the  magnet  the 
I>ellet  is  repelled,  or  driven  away  to  some  distance  from  the 
magnet.  When  contact  is  broken,  it  falls  back  again.  This  is 
the  dia-magnetic  repulsion,  not  lai^ely  exhibited,  but  sufficient 
to  show  yon  that  repulsion  is  there. 

I  will  refer  to  one  other  ex[>eriment  because  it  reveals  in 
some  measure  ihe  nature  of  the  speculations  in  which  Fara- 
day indulged  in  the  later  and  more  mature  years  of  his 
life.  To  show  you  the  influence  of  the  medium  surrounding 
3  body  on  its  magnetic  deportment,  a  small  bulb  of  glass, 
containing  a  comparatively  weak  solution  of  proto- sulphate  of  iron, 
is  here  suspended  in  a  stronger  solution  of  the  same  sub- 
^Umce. 
^^Wbat  Faraday  wanted  to  bring  out  was  this,  that  a  body  really 

\ 1. 
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raagaetic,  if  sturouaded  by  a.  medium  more  magnetic  than 
itself,  will  be  repelled.  This  is  the  principle  of  Archimedes  as 
applied  to  magnetism.  Here  then  is  the  cell  containing  the 
solution  of  proto-sulphate  of  iron,  which  is  a  green  liquid.  The 
excited  magnet  will  act  upon  this  bulb,  which  in  air  or  water 
would  be  attracted.  You  see  the  strong  repulsion  of  the  bulb, 
simply  because  it,  a  magnetic  body,  is  immersed  in  a  raa^etic 
medium  stronger  than  itself.  As  I  have  said,  this  is  an  experiment 
which  lets  you  into  the  manner  and  mode  of  Faraday's  specula- 
tions during  the  later  years  of  his  life.  Philosophers  before 
his  time  had  looked  at  the  action  of  the  magnet  upon  filings, 
without  dreaming  of  any  substratum  in  which  those  iron 
filings  were  so  to  say  immersed.  According  to  such  philo- 
sophers, this  was  an  action  at  a  distance,  every  particle  of  the 
iron  filings  arranging  itself  as  a  litlle  magnet  would  do  under  the 
circumstances.  Faraday  first  of  all  was  exceedingly  cautious 
of  using  these  so-called  lines  of  force  otherwise  than  as  a 
kind  of  symbol  or  conception,  which  helped  him  in  unravelling 
those  complex  phenomena  of  magnetisiii ;  but  as  he  grew  older, 
he  grew  more  and  more  to  think  that  there  was  in  space  a  me- 
dium acting  on  those  iron  filings,  and  that  really  those  lines 
of  force  did  not  depend  on  the  iron  filings,  but  existed  in  space 
irrespective  of  them.  This  experiment  1  have  now  shown  you 
led  him  to  consider  that  there  might  be  a  magnetic  medium 
in  space ;  that  this  medium  might  possess  magnetic  properties  ; 
and  that  substances  which  are  apparently  repelled  by  the  magnet, 
might  really  not  be  repelled  at  all,  but  that  they  might  be 
immersed  in  a  medium  more  strongly  magnetic  than  themselves, 
and  be  repelled  as  the  bulb  of  proto-sulphate  of  iron  was  repelled 
in  the  foregoing  experiment. 

What  I  have  brought  before  you  to. night  regarding  Faraday's 
researches  and  discoveries,  you  must  accept  as  the  merest 
specimen  of  the  work  which  this  great  man  accomplished.  I  say 
that  as  time  went  on,  you  find  him  more  and  more  occupied 
with  these  lines  of  magnetic  force ;  this  conception  of  a  me- 
dium in  space,  similar  to  the  medium  concerned  in  the  propa- 
gation of  the  waves  of  light,  took  more  and  more  possession  of 
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him ;  and  the  latest  attempt  he  wa.s  engaged  upon,  when  his 
powers  began  to  fail,  was  the  determination  of  the  question, 
whether  magnetism  requires  time  to  prnpagate  itself  from  point 
to  point  of  space.  I  have  in  my  on-n  possession  beautiful 
little  wheels  and  pinions,  aod  little  moveable  mirrors  which  he 
intended  to  applj'  to  the  solution  of  this  question  ;  but  before 
he  could  bring  his  wonderful  powers  to  bear  upon  its  solution, 
|k  ended  his  noble  life  at  Hampton  Court  on  the  35th  August, 
1867. 

The  Chairman  :  Ladies  and  Gentlemen, — I  am  sure  I  have  your 
:fiill  sympathy  when  I  tender  on  your  behalf  to  Professor  Tyndall 
.our  grateful  thanks  for  the  very  interesling  and  instructive  lecture 
ifliat  he  has  given  us  to-night;  inleresting  to  all  of  us,  and 
most  instructive  to  the  students  of  the  subject  he  has  so  ably 
handled.  I  must  however  express  to  Professor  Tyndall,  on  the  part 
of  the  Education  Department,  our  regret  that  we  have  not  yet  been 
able  to  secure  a  somewhat  larger  hall,  in  which  he  could  address 
lerous  audience.  It  is  not  our  fault ;  and  in  a  few  years 
I  hope,  when  a  competitive  examination  in  science  is  made  one  of 
(he  conditions  of  admission  to  the  conlroUing  department  of 
■the  State,  we  shall  be  abl«  to  give  him  a  room,  of  which  the 
Tbundations  will  be  steadier,  while  at  the  same  time  it  will 
SUM^ommodate  a  more  numerous  though  not  more  appreciative 
ience. 

It  is  one  of  the  happy   results  of  the  collection  of  scientific  ' 

itos,  which  has  been  so  recently  placed  here,  that  we  are 

1(^1  (ace  to  face  with  the  simple  apparatus  by  which  great 

have  made  their  wonderful  discoveries,  but  it  is  a  still  happier 

lult  that  we  are  brought  face  to  face  with  the  great  and  simple  men 
*rho  have  the  ability  to  explain,  to  illustrale,  and  cany  on  their 
predecessors'  work.  We  have  one  of  those  men  before  us 
tO-night,   and  in  your  name    I  beg    to  tender  him    our  heartv 


AIR  AND  AIRS,  AS  ILLUSTRATED  BY  THE 
MAGDEBURG  HEMISPHERES  AND  BLACK'S 
AND  CAVENDISH'S  BALANCES. 

By  The  Right  Hon.  Lyon  Playfair,  M.P. 
yiily  ird,  1876. 


Thk  Right  Hon.  Lord  Aberdare  in  the  Chair. 
The  Chairman  :  Ladies  and  Gentlemen,— On  inquiring  wlial 
were  the  duties  expected  from  me  this  evening,  I  was  lold  it  was  my 
business  to  introduce  to  your  attention  the  Lecturer  who  is  now  to 
address  you.  It  seems  to  me  that  to  those  who  have  paid  any 
attention  whatever  to  the  extraordinary  progress  we  have  made  in 
the  last  30  years,  the  name  of  Dr.  Lyon  Playfair  requires  no  intro- 
duction. During  the  whole  of  that  time  few  men  have  been  more 
prominently  devoted  than  he  has  in  the  progress  and  improvement 
of  his  fellow  countiymen.  Whether  employed  in  making  inquiiies 
on  the  appointment  of  the  government  into  niatlers  affecting  the 
public  health  or  public  morality,  or  engaged  in  the  administration 
of  those  schools  for  the  promotion  of  science  which  have  done  so 
much  to  add  to  the  knowledge  and  intelligence  of  the  working 
classes,  or  whether  as  a  member  of  Parliament  representing  one  of 
the  most  learned  constituencies  in  this  country  and  always  advo- 
cating the  progress  of  education,  and  applying  his  scientific 
knowledge  to  sanitary  measures  ;  in  all  these  matters  Dr.  Lyon 
Playfair  has  played  so  prominent  a  part  that  it  does  seem  to  me 
that  any  introduction  on  my  part  of  such  a  man  ti  the  audience  is 
mere  impertinence  and  altogether  superfluous. 
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Dr.  Lyon  Plavfair  :  My  Lord,  Ladies,  and  Gentlemen, — To 
intend  trying  to  interest  you  in  a  chapter  in  the 
istoiy  of  science.  That  chapter  is  related  to  the  progress  of  our 
mouledge  in  regard  to  air.  Now  air  is  of  alt  substances  the  most 
E  frmiliar  to  us,  and  the  one  which  from  the  earhest  time,  when  man's 
I  intelligence  dawned  out  of  a  savage  state,  must  have  specially 
'  Mtracled  his  attention.  But  I  think  before  the  lecture  is  over,  you 
'  will  see  that  the  untutored  senses  of  man  are  perfectly  insufficient 
to  enable  ue  to  know  any  one  subject  1  that  is  to  say,  the 
untutored  senses  of  man  without  the  experience  and  conceptions 
which  accumulate  around  him  as  he  progresses  in  history  and  in 
the  knowledge  of  the  world ;  because,  if  it  were  otherwise,  surely 
such  a  substance  as  air  must  be  the  first  thing  with  which  he 
would    become  intimately  acquainted.     His   life,  his  first  breath, 

t depend  upon  the  :ur  which  surrounds  him  ;  the  last  act  of  his 
w  is  his  inability  to  respire  the  air,  for  the  inability  of  inspiration 
Ckuses  his  death.  Therefore  in  every  phase  of  his  life  this 
bmiliar  substance  meets  him.  It  fans  him  sometimes  with  gentle 
Iveezes,  and  occasionally  batters  him  with  storms,  but  never 
for  a  moment  from  his  birth  to  his  last  breath  docs  it  cease  to 
press  upon  his  attention,  and  yet  it  has  taken  us  the  whole  of 
the  time  since  man  came  into  the  world  to  know  as  much  about  it 
as  we  do  now,  and  yet  our  knowledge  of  it  is  still  extremely  imper- 
fect. I  want  you  to  go  very  far  back  with  me  before  we 
come  to  those  special  kinds  of  apparatus  which  form  distinct 
epochs  in  the  history  of  the  discovery  of  air,  and  which  1  hope, 
nidc  as  they  are  in  appearance  to  you,  will  have  a  new  value  when 
we  have  understood  how  they  became  important.  I  propose  to 
ULkeyouasfarbackas64o  b.c.  At  that  time  men  began  for  the  first 
dme  to  study  the  peculiar  subjects  around  them.  The  first  subject 
that  they  studied  was  not  air  but  water.  There  was  an  old  Ionian 
philosopher,  Thales  of  Miletus,  who  travelled  very  far  for  his  time  ; 
be  went  into  Egypt,  and  he  saw  there  the  very  important 
relations  of  water  to  the  fertihty  of  the  soil.  He  noted  that  the  soil 
was  sterile;  that  plants  would  not  grow  until  the  Nile  came  down 
in  its  large  flood  and  irrigated  the  land ;  and  then  he  found  that  the 
■  aurilc  earth  became  fertile,  that  plants  and  vegetation  grew  tuxuri- 
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antly  :  and  he,  with  his  unlutored  senses,  but  still  with  a  philoso- 
phic spirit  trying  to  explain  all  things  around  him,  began  to  think 
that  e\-erything  in  the  world  was  made  of  water.  It  was  dear 
thai  earth  was  made  of  water,  because  when  the  water  went  over 
the  earth  the  sterile  land  became  fertile.  It  was  certain  that  plants 
were  made  of  water,  because  the  plants  grew  when  the  water  came, 
so  that  the  water  was  converted  into  the  plants.  It  was  obvious  that 
the  sun  was  made  of  water,  for  you  could  see  it  in  the  evening, 
tired  with  its  course  during  the  day,  plunge  beneath  the  western 
wave  and  come  out  in  the  morning  mightily  refreshed  with  its 
huge  drink.  Certainly  proofs  were  abundant  that  the  sun  was 
made  of  water,  because  it  sent  down  its  scorching  rays  during  the 
day,  and  licked  up  the  water  from  pools  and  lakes  and  took  them 
back  again  into  the  sun  to  refresh  itself  in  its  hot'  course.  AH 
these  things  were  evidences  of  the  senses,  and  so  far  as  the 
untutored  senses  went,  Thales  was  quite  right  to  say  that  every- 
thing was  made  of  water. 

Some  time  after  Thales  gave  the  first  impulse  to  philosophy  by 
trying  to  give  an  explanation  of  the  familiar  things  around  him, 
another  man  thought  he  would  make  a  considerable  capital  by 
making  everything  out  of  air,  and  it  is  to  him  that  I  come  next. 
But  it  was  the  impulse  that  Thales  first  gave  with  regard  to 
water  that  made  Anaximines  such  a  great  philosopher  in  respect 
to  air.  Anaximines  who  came  548  years  B.C.  alleged  that  Thales 
was  altogether  wrong  in  alleging  that  everything  is  made  of  water  ; 
on  the  contrary,  everything  is  made  of  air.  Thales,  according  lo 
him,  made  a  prodigious  mistake  in  thinking  that  water  is  so  im- 
portant, because  water  is  produced  by  air,  and  you  see  thb  in 
the  transparent  air  that  surrounds  the  world  ;  it  condenses  into 
clouds,  and  they  into  drops  of  water  :  but  it  is  clear  the  air  itself 
squeezes  out  that  water  when  it  chooses  to  be  converted  into  it.  ll 
is  air,  then,  which  produces  water  ;  it  is  not  water  which  is  the  pri- 
mordial element,  but  air,  and  so  he  built  up  everything  from  air, 
just  as  Thales  of  Miletus  had  built  up  everything  from  water. 
The  very  world  itself  is  composed  of  air,  for  you  see  it  floating 
like  a  broad  leaf  upon  it.  Therefore  all  things  in  the  world  itself 
have  been  produced  from  air.     Very  little  more  was  required  by 
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Anaximines  to  be  convinced  that  air  was  the  essence  of  life.  You 
■jequire  air  to  breathe ;  you  could  not  live  without  it ;  if  the 
■ir  is  taken  away  you  die.  It  is  quite  clear  therefore  that 
die  essence  of  life  consists  of  air :  nay,  a  little  more,  you 
see  the  soul  is  composed  of  air.  According  to  Anaximines, 
Ac  soul  itself  is  finely  rarefied  air,  and  tlie  conclusion,  so  far  as  he 
knev  the  matter,  was  inevitable,  that  all  these  things  came  from 
■ven  fire,  because  nothing  Tvill  bum  without  air.  A  little 
T,  and  God  himself  was  made  from  the  infinite  air,  and  the 
and  goddesses  were  different  kinds  of  aerial  emanations. 
easy  to  smile,  for  these  things  now  appear  so  utterly  pre- 
isterous,  but  they  were  the  early  dawnings  of  philosophy,  and 
le  first  attempts  of  men  to  understand  the  things  around  them. 
[.Therefore  we  have  to  give  them  a  respectful  consideration. 

More  than  a  century-  after  this,  in  the  fifth  century  before 
Christ,  appeared  a  great  philosopher,  Diogenes  of  Appollonia. 
He  took  up  the  old  view  of  Anaximines  which  was  nearly 
forgotten,  but  he  discussed  it  more  as  a  psychological  than  a 
jihysical  problem  ;  he  connected  it  more  with  the  sou!  and  with 
BCntimeDt  than  with  the  physical  effects  which  Anaximines  had 
given  to  air.  He  said  .^naximines  was  perfectly  right,  that  the 
Boul  was  made  of  air,  but  he  had  not  gone  far  enough,  so 
Diogenes  went  a  great  deal  further.  He  thought  the  whole 
world  was  made  of  air ;  that  air  was  the  soul  of  the  world,  the 
\ima  mutidi  which  produced  everything  good  that  the  world 
t,  and  was  the  essence  of  order  in  the  universe. 
All  the  beautiful  harmony  which  we  now  know  as  law,  he  con- 
ceived to  be  a  sort  of  fetish  intelligence  existing  in  airj  and 
air  being  an  intelligent  spirit  in  itself,  having  intelligence  residing 
within  it,  like  all  intelligent  beings,  had  varying  humours.  When 
it  was  in  a  good  temper  we  had  a  balmy  gentle  breeze,  when  it 
was  in  a  fitful  temper  we  had  sudden  gusts  of  wind,  and  when  it 
was  in  a  towering  rage  we  had  thunder-storms.  In  his  fetish 
wonhip,  and  in  the  infancy  of  science,  it  was  a  much  easier 
thing  to  think  ever)'  thing  had  a  special  primordial  spirit 
within  it  than  to  know,  as  we  do  now,  that  everything  is 
Bubject  to  infinitely  wise  and  unvarying  law. 


^H-  world  was 

^^niosscssed 
^B  All  the  b< 
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Hence  came  the  name  of  air,  geist,  gas,  or  ghost.  Some  of  the 
spirits  of  air  were  evil ;  sometimes  when  it  was  in  a  revenge- 
ful spirit,  men  went  down  wells  and  were  choked.  Sometimes  as 
in  fiery  mines,  there  were  explosions,  for  then  the  air  was  in  a 
wild  state  of  tempest  and  rage,  and  so  he  went  on  with  his 
explanations.  Life  of  course  came  from  air,  and  not  only  life, 
but  the  different  kinds  of  soul.  It  was  obvious  that  as  man  was 
erect  with  his  head  up  in  the  air,  he  breathed  the  pure  air;  and  the 
upper  air  gave  him  the  intellectual  soul  of  man,  but  the  brute 
beasts  who  had  iheir  noses  near  the  ground,  breathed  in  the 
damp  vapoury  air,  and  they  had  brutal  souls,  and  that  was 
the  difierence  between  men's  souls  and  brute  souls. 

Then  came  a  great  era,  348  b.c,  when  Aristotle  began  to  apply 
his  tremendous  mind  to  science.  Aristotle  was  an  experi- 
mental philosopher.  All  the  previous  philosophers  were  not 
experimental  philosophers  in  any  way,  they  were  disputadous 
philosophers  ;  they  disputed  about  all  the  things  Ihey  saw  before 
them,  but  they  never  thought  of  applying  or  testing  by  expert* 
ment  the  explanations  which  they  gave.  But  Aristotle,  being  very 
friendly  with  his  great  pupil  Alexander,  had  numbers  of  things 
sent  to  him  from  all  parts  of  the  world  where  Alexander  was 
making  war,  and  he  began  to  be  experimental,  not  so  much 
physically,  but  he  was  a  great  anatomist,  and  his  anatomical 
descriptions  of  animals  and  plants  at  that  time  are  still  very  remark- 
able. He  was  the  first  chemist  that  began  to  be  scientific,  because 
he  said  all  substances  are  composed  of  earth,  air,  fire,  and  water, 
and  these  elements  for  a  long  time  served  chemistry ;  in  iact,  it 
was  not  until  1774  that  we  foundairwas  not  an  element.  Up  to 
that  time,  it  was  one  of  Aristotle's  elements,  a  substance,  stii 
generis,  that  could  not  be  broken  up  into  two  or  more  sorts. 
Therefore  Aristotle  Has  the  first  chemist,  for  he  induced 
men  to  think  that  if  all  substances  were  composed  of  earth,  air, 
fire,  and  water,  we  must  be  able  to  get  these  elements  out  of 
bodies,  and  so  men  began  to  be  chemists  and  tried  to  pull 
these  elements  out  of  various  kinds  of  matter  to  see  how  much 
air,  how  much  earth,  how  much  fire,  and  how  much  water,  were 
in  them.     Aristotle  also  knew  that  air  was  a  material.     He  was 
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I  aware  ihat  if  you  turned  a  tumbler  upside  down,  with  air  in  it, 
water  does  not  rise,  and  therefore  air  must  keep  out  the 
water  ;  and  if  air  was  matter,  you  must  naturally  conceive  that  air 
had  weight.     However,  Aristotle  does  not  seem  clearly  to  have 

IkDOwn  that  air  had  weight,  although  it  followed  as  a  necessity 
from  it  being  matter. 
Now  I  make  a  great  jump  from  the  time  of  Aristotle,  and 
come  to  the  year  i  loo,  because  nothing  was  done  in  the  interval 
worth  telling  you  of  with  regard  to  air.  But  about  that  year  a 
great  Saracen  called  Alhazen  began  to  think  of  air,  and  he 
tfiought  of  it  in  a  most  extraordinary  manner.  We  do  not  know 
ttoythiog  about  Alhazen's  histor>',  but  we  know  something  of  his 
*orka,  and  they  were  quite  of  an  astonishing  nature.  He  knew 
M  well  as  Torricelh  and  OaUleo  that  air  had  weight.  He  was  the 
first  man  that  ever  applied  a  balance  to  physical  phenomena. 
Alhazen  experimented,  balance  in  hand,  with  air.  He  knew  that 
the  lower  strata  of  the  air  are  heavier  and  denser  than  the  upper 
Mrata.  He  discovered  the  laws  of  refraction  in  air.  and  explained 
kow  twilight  came  from  refraction  of  tlie  rays  of  the  sun,  and  so 
OO.  He  gave  a  wonderful  impulse  to  our  knowledge,  but  what 
was  the  most  astonishing  of  all  was,  that  he  did  not  believe  that 
air  was  infinitely  scattered  throughout  space.  Former  philo- 
sopher? thought  that  air  was  infinitely  spread  throughout  space. 
What  could  prevent  it  ?  We  see  no  limit  to  air  when  we  look  up; 
and  as  there  is  repulsion  between  its  particles,  why  should  it  not 
be  present  all  through  space  ?  But  .Alhazen,  through  his  discus- 
'  son  of  the  habits  of  air,  said  it  could  not,  and  he  fixed  its  distance 
at  fifty-eight  miles  and  a  half.  We  now  know  that  it  is  about 
forty-eitht  miles,  so  that  he  made  an  immense  step  in  our  know- 
ledge of  air. 

^I  pass  from  the  time  of  Alha^en,  because  there  is  nothing 
rth  telling  you  from  him  down  to  Gahleo,  in  1630,  and  here 
b^n  to  come  to  our  modem  philosophy  of  air.  Galileo 
proceeded  to  investigate  what  was  the  action  of  a  common  pump. 
You  know  that  when  you  suck  the  air  out  of  a  tube  the  water  rises- 
Aristotle  had  said  the  reason  is  very  clear,  nature  abhors  a 
■'yacmun,  and  the  water  rushes  up  into  a  vacuum  because  nature 
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abhors  it.  But  Galileo  found  that  nature  only  abhorred  a 
vacuum  up  to  the  extent  of  about  33  feet,  that  the  water  in  the 
pump  would  rise  up  as  far  as  that,  but  no  higher.  ^Vhy  was 
that  ?  You  could  sutk  out  the  air  beyond  33  feet,  but  the  water 
would  not  rise,  and  Galileo  began  to  discuss  this  question  why 
it  would  not.  If  it  is  because  nature  abhors  a  vacuum,  is  nature 
reconciled  to  a  vacuum  at  33  feet?  Galileo  saw  that  it  was 
obviously  ihe  weight  of  the  air  pressing  on  the  surface  of  the 
water  which  made  it  follow  the  air  when  it  was  pumped  out, 
and  that  that  was  the  reason  the  weight  of  the  air  could 
support  a  column  of  water  33  feet  high,  but  could  not  support 
a  column  36  feet  high.  This  explanation  became  a  splendid 
point  in  the  history  of  air,  for  it  was  evident  that  air  must 
have  weight,  and  that  you  could  estimate  its  weight. 

Then  came  Torricelli.  My  friend  Professor  Guthrie,  whom  I 
had  the  honour  once  of  having  as  an  assistant  in  Edinburgh, 
before  he  became  a  distinguished  Professor  in  London,  is  now 
going  to  show  you  the  grand  experiment  of  Torricelli,  which  ted 
us  to  everything  we  know  about  the  physical  quantities  of  air. 
Torricelli  said  if  it  is  true  that  it  is  the  weight  of  the  atmosphere 
which  supports  a  column  of  water  32  or  33  feet  high,  mercury, 
which  is  13  times  heavier,  will  not  go  nearly  so  high,  it  will  only 
go  30  inches ;  and  if  water  can  be  supported  33  feet,  mercury 
could  only  be  supported  30  inches.  Now,  Professor  Guthrie 
has  filled  a  tube  more  than  30  inches  long,  and  when  he  turns  it 
over  into  a  little  mercury  you  see  it  only  stands  30  inches  high 
in  the  tube,  the  height  of  the  barometer  of  the  da)' ;  observe 
that  there  is  a  vaaious  space  above  it,  because  the  pressure 
of  the  atmosphere  will  not  keep  it  up  more  than  30  inches.  That 
first  experiment  of  Torricelli's  was  the  master  experiment  which  led 
us  to  everything  we  know  about  the  physical  condition  of  air.  It 
completely  proved  Galileo's  view  about  the  33  feet  of  water,  and 
it  gave  us  not  only,  for  the  first  time,  a  barometer,  but  it  gave  us 
a  vacuum  free  from  air.  I  am  going  to  make  no  experi- 
ments that  every  boy  does  not  know,  because  my  lecture  is  not 
on  the  atmosphere,  but  on  the  historj'  of  the  atmosphere,  and  I 
am  only  about  to  repeat  the  old  experiments  which  were  made 
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ig  ago.  Here  is  a  balance  ;  to  one  siile  is  hung  a  flask  which 
taiDs  air,  and  it  is  exactly  countnpoised.     Now,  we  will  pump 

It  the  air,  and  you  see  at   once  the  air  has  weight.    A  few 

okes  of  the  air  pump  has  partially  exhausted  this  flask,  and  you 
vill  find  on  weighing  it  again  that  it  is  lighter  ;  you  see  now,  although 
only  a  grain  or  two  has  been  taken  out  of  it,  it  is  distinctly 
lighter ;  but  now  we  will  open  the  cock  and  let  the  air  in,  and 

goes  back  again  to  its  original  position.  Therefore,  unquestioQ- 
;fbly,  by  experiment,  air  has  weight. 

Now  what  weight  has  air  ?    The  weight  of  a  s-juare  inch  of  air 

iching  from  the  surface  of  the  earth  to  the  top  of  the  atmosphere 
b  about    fifteen    pounds,    or   thirty-three    feet   of    water   on    a 

[uare  inch  weighs  fifteen  pounds,  or  a  column  of  mercury  of 
thirty  inches  on  a  square  inch  weighs  also  fifteen  pounds.  There- 
.fcre  you  know  what  the  pressure  of  the  atmosphere  is.  That  is 
kh  envelope  all  round  the  globe ;  and  there  is  such  a  prodigious 
quantity  of  it,  that  if  you  could  take  all  the  air  round  the  earth 
-and  weigh  it,  you  would  require  to  put  into  the  opposite  balance 
,«  solid  globe  of  lead  sixty  miles  rn  diameter. 

Now  I  come  to  a  critical  point  in  the  history  of  air.  Torricelli's 
■.experiment  was  the  most  beautiful  of  all ;  but  then  came  a  man  who 

,ve  an  immense  impulse  to  all  discoveries  with  regard  to  air  by 
t&e  popular  way  in  which  he  drew  attention  to  it  rather  than  by  any 
remarkable  discoveries  of  his  own.  His  name  was  Otto  de 
Guericke.  He  was  originally  an  engineer,  and  afterwards  became 
burgomaster  of  his  ancient  town,  Magdeburg.  He  made  so 
many  curious  experiments  about  air  that  his  fame  spread  all  over 
the  world.  He  thought  he  would  try  and  make  an  air-pump  to 
pump  out  air  just  as  we  pump  out  water,  and  here  is  the 
original  book  which  he  published.  It  is,  as  all  learned  books  at  that 
time  were,  written  in  Latin,  but  it  is  extremely  interesting.  It  is  a 
veiy  rare  book ;  I  know  of  only  one  other  existing  in  the 
Bodleian  Library.  Here  is  the  engraving  showing  the  way  in 
which  he  tried  to  obtain  a  vacuum.  He  took  a  stout  barrel  and 
filled  it  with  water,  and  qbserve  in  the  picture  bow  the  old 
gentleman  is  trying  to  pump  the  water  out  of  the  barrel  without 
letting  in  any  air.     He  thought  be  would  get  at  a  vacuum  in  that 
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way ;  and  there  he  is  working  away  at  the  pump,  pumping  the  water 
out  of  the  barrel  hoping  to  exclude  air.  But  he  had  not  thought 
of  the  tremendous  pressure  of  the  atmosphere  ;  the  air  went  squeez- 
ing in  through  every  pore  of  the  wood  and  through  every  joint,  and 
filled  the  barrel  quite  as  fast  with  air  as  he  took  out  the  water. 
That  beat  him,  Then  he  was  much  surprised  to  find  that  he 
could  pump  out  air  just  as  easily  as  he  could  pump  out  water  by 
making  an  air-pump,  and  here  is  actually  Guericke's  original  air- 
pump,  the  first  ever  made  in  the  world.  Scientific  men  might 
worship  a  fine  old  instrument  like  that,  glorious  in  the  history  of 
science,  quite  as  much  as  a  devotee  would  the  bones  of  any 
old  saint.  From  the  air-pump  tliere  camo  the  celebrated  experi- 
ments of  the  Magdeburg  hemispheres.  I  will  show  you  the 
originals  presently,  !)Ut  here  is  a  model  which  my  friend  Professor 
Guihrie  will  help  us  to  exhibit.  It  is  a  globe  cut  into  two  parts 
so  as  to  be  hemispheres,  and  they  fit  closely  together.  We  can 
pump  the  air  out  of  them,  and  then  you  will  see  ihe  experiment 
which  when  made  by  Otto  de  Guericke  astonished  the  whole  world 
and  spread  like  wildfire  the  properties  of  air  so  as  to  set  everybody 
experimenting  about  it.  When  we  pump  out  the  air  from  the 
inside,  the  atmosphere  will  act  with  enormous  pressure  on  each  side 
of  it,  and  here  you  will  see  how  much  weight  you  can  attach  with- 
out separating  the  two  hemispheres.  These  heavy  weights  are  not 
able  to  pull  the  two  parts  asunder,  because  the  atmosphere  is 
pressing  on  the  globe ;  but  the  moment  air  is  allowed  to  enter, 
then  the  pressure  ceases,  and  they  fall  separate.  Now  what  1  have 
shown  you  is  a  mere  toy,  but  here  are  the  fine  old  instruments 
which  were  my  dream  in  science  years  ago,  though  loever  thought 
I  should  actually  touch  or  handle  these  wonderful  hemispheres. 
They  are  described  in  every  scientific  book,  and  are  well  known  to 
every  man  of  science. 

Thesethen  are  the  actual  hemispheres  which  Guericke  used  before 
the  Imperial  Diet,  at  Ratisbon,  to  show  the  same  experiment  on  a 
large  scale  which  we  have  just  shown  you  on  a  small  scale ;  and 
here,  in  this  same  book  you  will  see  bow  astonished  the  Emperor 
and  all  the  Princes  at  the  Imperial  Diet  were  when  Otto  de  Guericke 
pumped  the  air  out  from  these  hemispheres  exactly  as  you  saw 
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v'donc  just  now,  and  attached  eight  horses  to  each  side.  Here  are 
I  the  old  traces  with  which  the  horses  were  harnessed.  They  were 
[attached  to  each  side  of  the  hemispheres,  and  he  lashed  away  at 
,  but  the  sixteen  horses  could  not  pull  them  apart.  The 
I  Emperor  and  the  Diet  looked  on  with  intense  astonishment  at 
I  this  remarkable  experiment,  and  very  remarkable  it  was  at  the 
I  time.  Tor  nobody  knew  the  enormous  pressure  of  the  atmo- 
[  sphere. 

The  old  philosopher  made  one  slight  mistake.     If  he   had  fas- 

\  tened  one  side  of  the  hemisphere  to  a  solid  wall  and  put  eight 

ffaorses  to  pull  at  the  other  side,  he  would  have  had  just  as  much 

;  but,  however,  sixteen  horses  looked  better  than  eight,  and 

Rhe  employed  sixteen.  Otto  de  Gtieri eke  was  a  wonderful  old  fellow  ; 

:  made  also  a  water  barometer  which  astonished  everybody ;  it 

[vas  thirty-three  feet  high,  above  which  there  was  a  vacuum,  and 

i.a  little  man  floating  at  the  top  ;  and  whenever  the  little  man  bobbed 

f  up,  it  was  known  it  was  going  to  be  fine  weather,  and  when  he 

sank  down,  it  was  known  it  was  going  to  be  bad,  and  this  made 

\  the  barometer  very  popular. 

I  am  now  going  to  pass  away  from  our  phj'sical  notions  of  the 
atmosphere  to  our  chemical  notions.  All  this  time  the  atmo- 
sphere is  an  element,  but  it  was  not  until  after  1774  that  its 
elemental  character  was  doubted  ;  and  I  want  to  tell  you  how  we 
got  our  knowledge  of  the  chemical  properties  of  the  atmosphere. 
The  first  person  who  added  to  our  knowledge  of  the  chemical 
properties  of  the  atmosphere  was  a  very  celebrated  chemist,  who 
wT^^te  a  great  work  called  '  The  Sceptical  Chemist '  —  Boyle. 
Boyle,  in  fact,  was  one  of  the  few  members  of  the  aristocracy  who 
have  added  much  to  science,  because  their  education  is  generally 
classical  and  not  scientific.  Boyle  has  been  called  the  "  father 
of  modem  chemistry  and  the  brother  of  the  Earl  of  Cork," 
and  he  added  largely  to  our  knowledge  of  air.  He  showed 
that  there  were  different  fictitious  kinds  of  air,  as  he  called  them. 
He  extracted  airs  from  different  substances  and  showed  that  they 
were  peculiar,  but  he  never  thoroughly  distinguished  them 
from  coimnon  air.  They  might  have  been  common  air  with 
^^^npurities ;    he  never  went    far    enough    to   make    it    quite   cer- 
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twn  that  they  were  separate  entities.  Some  are  icclined  to 
give  Boyle  more  credit  ihan  I  am  now  giving  him,  but  I  have 
read  his  essay  attentively,  and  I  do  not  think  that  he  knew 
clearly  that  there  was  any  other  air  than  common  air.  The 
proof  of  this  is  that  shortly  after  him  came  a  celebrated  chemist, 
Hales,  who  wrote  a  famous  essay  in  which  he  described  how  he 
had  made  a  great  many  airs  which  we  know  now  to  be  separate 
airs,  for  il  is  undoubted  that  Hales  made  hydrogen,  chlorine, 
carbonic  acid,  and  nitrogen,  but  he  did  not  believe  thetn  to 
be  anything  but  common  air ;  he  said  they  were  airs  tainted  or 
infected  with  fumes  of  acid  and  sulphurous  spirits.  Although 
he  had  actually  made  airs  which  we  now  know  to  be  elements,  or 
compound  airs,  he  did  not  believe  them  to  be  distinct  airs,  because 
the  whole  world  believed  air  to  be  an  element ;  they  were  all  trying 
to  get  the  impurities  out  of  these  airs,  which  they  thought  gave  them 
different  properties.  Hales  made  very  remarkable  experiments, 
and  his  essays  give  us  a  great  deal  of  information  with  regard  to 
airs. 

Now  I  come  to  a  man  for  whom  I  have  a  great  veneradoo.  He 
is  a  sort  of  scientific  ancestor  of  mine,  not  by  blood  but  by  pro- 
fessorship ;  he  was  three  before  me  in  the  chair  of  chemistry  in 
the  University  of  Edinburgh,  and  made  grand  discoveries — 
very  few  of  them,  but  those  he  did  make  were  grand.  I 
allude  to  Professor  Black,  and  he  was  the  first  man  that  gave  to 
the  word  air  a  plural.  Chemists  knew  of  air,  and  sometimes 
called  it  gas,  but  nobody  knew  that  there  were  airs  or  gases, 
and  Black  was  the  fir&t  man  that  gave  the  plural  to  tlie  idea  of  air. 
Hitherto  all  chemists  had  been  examining  into  the  qualities  of 
bodies,  but  since  the  time  of  Alhazen  nobody  had  been  estimat- 
ing their  quantities  by  applying  the  balance  to  them.  Nowa- 
days every  operation  of  a  chemist  is  done  by  the  balance.  Up  to 
the  time  of  Black,  men  had  forgotten  the  balance.  They  had 
speculated  about  the  qualities  of  substances,  but  they  had  not 
done  anything  with  regard  to  quantities.  Black  proceeded,  as 
Alhazen  had  done  in  i  too,  with  a  balance  m  his  hand,  and  tried 
everything  by  its  means ;  and  that  venerable  balance,  which  is  now 
the  charter  of  almost  all  chemical  research,  is  this  grocer  sort  of 
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lance  which  you  see  on  the  table.  It  is  no  better  than  a  pair 
of  grocer's  scales,  but  it  is  the  father  of  all  modem  balances. 
Here  is  a  modem  one  in  which  we  can  turn  it  with  the  thousandth 
of  a  grain  ;  but  this  rough  specimen  was  a  most  venerable  balance 
in  the  Jiistory  of  chemistry.  When  I  succeeded  to  the  chair  of 
chemistry  in  Edinburgh  I  found  this  venerable  balance  in  a  lumber 
room,  and  immediately  sent  it  to  be  deposited  as  a  sacred  thing 
in  one  of  our  public  museums.  1  am  now  going  to  Cell  you  what 
that  balance  diti,  because  it  led  to  al!  our  knowledge  with 
regard  to  airs.  Hales  had  completely  proved  that  air  was  a  con- 
Stituent  of  substances,  that  there  were  many  airs  in  substances. 
,t  had  been  known  long  before  in  the  world,  Solomon  knew 
Do  you  not  recollect  a  verse  in  which  he  says,  that  speaking 
9  an  angry  person  is  like  pouring  vinegar  on  nitre  ?  That  is  non- 
isse,  because  if  you  pour  vinegar  on  nitre  nothing  happens  ;  but 
e  word  "  nitre  "  there  is  a  mistranslation  for  the  word  "  natron," 
fllich  means  carbonate  of  soda  ;  and  if  you  pour  vinegar  on  soda 
roa  know  what  takes  place,  it  effervesces  and  fizzes  from  emitting  a 
nnstituent  of  air.  Black  began  to  examine  these  substances, 
in  hand.  At  the  age  of  33  or  24,  when  he  was  just 
■  coming  out  as  a  medical  student,  he  read  a  paper  on  the 
difference  between  mild  Ume  and  burnt  lime.  You  know 
thai  mild  lime  is  limestone,  and  the  latter  put  in  kilns  and 
burnt  becomes  caustic  hme,  which  we  use  for  mortar.  The 
theory  at  the  time  was  this.  The  principle  of  fire  was  then  called 
phlogiston,  and  everybody  thought  that  this  phlogiston  had  an 
immense  Influence  upon  matter.  Lime  becomes  caustic,  because 
it  was  burnt  in  the  fire  and  phlogiston  entered  into  it.  Black  said 
if  phlogiston  enters  into  it,  it  must  become  heavier,  or,  at  all 
events,  if  my  balance  does  not  tell  me  that  it  becomes  heavier,  it 
cannot  positively  be  lighter,  if  anything  goes  into  it ;  therefore,  he 
took  a  bit  of  lime,  weighed  it  with  that  crude  balance,  and  burnt 
it,  and  he  found  that  instead  of  the  phlogiston  rendering  it  any 
heavier  it  was  a  good  deal  lighter.  So  he  said,  I  must  have  burnt 
!iome  air  out  of  it.  He  left  his  caustic  lime  upon  the  balance,  and 
as  there  is  always  carbonic  acid,  which  he  had  driven  out  of  it, 
p  diffused  in  the  air,  ihe  caustic  lime  began  to  absorb  that  carbonic 
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add  from  the  air  and  to  get  heavier  and  heavier.  Then  he  said, 
it  must  absorb  some  air  which  is  in  common  air  out  of  the  atmo- 
sphere or  it  would  not  get  heavier  again ;  and  then  he  tried  an 
experiment,  which  was  to  take  a  certain  quantity  of  limestone,  such 
as  I  have  here  in  the  fonn  of  chalk,  and  having  weighed  a  ciuaniity 
of  acid,  he  added  it  to  the  chalk.  That  eflervesces,  and  the 
effervescence  is  due  to  the  formation  of  carbonic  acid.  He  weighed 
it  again,  and  he  found  the  diminution  of  weight  was  exactly  the 
same  as  when  he  burnt  it.  The  strong  acid  here  drives  off  the 
weak  acid,  the  carbonic  acid,  and  in  weighing  it  he  found  the  loss 
was  exactly  the  same  as  it  lost  in  being  burnt.  He  had  now  the 
key  to  the  whole  thing.  He  said  mild  lime  differs  from  caustic 
lime  by  combining  with  air.  It  was  not  known  what  the  air  was, 
and  he  did  not  describe  the  air  in  the  original  paper  he  wrote. 
But  I  have  seen  many  of  the  notes  of  students  taken  during  his 
lectures,  and  it  appears  that  he  well  knew  what  the  air  was, 
though  he  did  not  describe  it  in  the  original  paper.  He  tells  you 
that  the  air  that  comes  out  is  the  same  air  that  men  cxspire  when 
tbey  breathe,  for  we  breathe  out  carbonic  acid  in  our  expiration 
from  the  lungs.  He  says  it  is  the  same  as  comes  from  decajHng 
substances,  and  from  brewing  beer;  so  that  he  knew  the  air 
very  well,  though  he  did  not  describe  it.  It  came  afterwards 
to  another  great  philosojther  to  describe  it ;  but  before  we  part 
from  Dr.  Black,  I  have  such  a  great  love  for  the  old  philosopher 
thai  one  cannot  help  regretting  that  his  wonderful  masculine  mind 
and  power  of  researeh  produced  so  little.  He  was  about  34 
when  he  published  his  tirst  paper,  and  he  was  34  when  he  pub- 
lished his  great  researches  on  latent  heat,  and  explained  how  it 
was  that  different  kinds  of  matter  have  diiferent  forms,  because 
ihey  have  different  quantities  of  latent  heat.  He  lived  to  the  age 
of  80  and  published  no  more.  He  was  a  man  of  delicate  health 
and  was  fond  of  quiet  He  did  not  like  the  controversies  which 
were  raging  at  that  time,  chiefly  as  to  whether  phlogiston  had  so 
much  to  do  with  matter  as  philosophers  supposed,  and  he  got  out  of 
those  controversies  and  did  not  publish  new  researches.  But  while 
we  regret  that  a  grand  intellect  like  his,  which  made  two  such 
great  discoveries  as  the  identification  of  different  airs  and  latent 


AIJi  AND  AIRS. 

I,  Added  nothing  more  to  science,  we  must  recollect  that  when  he 
did  walk  in  pastures  new  he  always  left  the  impress  of  his  manly 
tread,  so  it  is  not  for  us  to  complain  who  cannot  climb 
up  even  the  boundary  wall  to  see  over  ioto  those  pastures. 
1  should  tell  you  that  old  Black  died  la  a  beautiful  way.  He 
was  found  in  his  study,  sitting  in  an  arm-chair,  with  a  book  io 
one  hand  and  a.  cupful  of  milk  resting  on  his  knee ;  and  when 
the  servants  came  in  they  found  him  dead,  and  not  a  drop  of 
milk  was  spilt,  as  if  he  wanted  to  show,  by  a  last  experiment,  how 
a  good  man  could  die. 

We  come  now  to  the  time  of  Cavendish.  Cavendish  took  this 
air  of  Black's  and  examined  it  thoroughly.  Here  we  have  some 
of  this  air  which  we  call  carbonic  acid,  and  you  will  see  how 
much  heavier  it  is  than  common  air.  We  have  this  glass  vessel 
full  of  common  air  exactly  balanced  ;  Professor  Guthrie  will  now 
pour  some  of  this  heavier  air  into  it,  and  you  see  it  cannot  be 
common  air,  because  it  weighs  down  the  balance,  therefore  it  is 
much  heavier  than  common  air.  We  can  also  show  you  that 
there  is  another  air  which  Cavendish  discovered,  coming  when 
metals  are  dissolved  in  acids,  and  which  we  know  as  hyiirogen, 
but  which  people  at  that  time  thought  was  genuine  teal  phlogis- 
ton. In  order  to  weigh  this  you  must  turn  the  glass  vessel 
upside  down,  because  hydrogen  is  much  lighter  than  common 
air.  On  filling  the  glass  vessel  with  this  hydrogen,  the  other 
side  of  the  balance  goes  down  because  the  lighter  air  is  being  in- 
tioduced.  Cavendish  made  an  immense  stride  with  the  balance, 
as  you  will  see  if  you  look  at  Black's  balance,  and  at 
Cavendish's  original  balance,  which  is  here.  Cavendish  was 
another  instance  of  a  noble  family  who  did  a  great  deal  for 
science.  He  was  one  of  the  purest  intellectual  lights  that 
science  has  ever  had.  He  was  scarcely  a  man  of  feeling;  there 
was  nothing  grand  or  noble  or  chivalrous  in  his  character,  but 
ibere  was  nothing  selfish  or  ignoble  in  it;  he  was  a  pure  sun 
which  jjoured  light  down  upon  the  world  without  much 
warmth,  but  he,  from  his  intellectual  discoveries,  advanced 
philosophy  very  greatly.  This  is  the  balance  with  which  he  took 
^■k  specific  gravities  of  different  kinds  of  air.     He  knew  a  number 
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of  die  modem  bolaace  in  it,  altboo^  in  a  somewhat  rade  aw- 
ditioa.     It  if  a  great  advance  oo  Bbcts. 

la  1771  a  new  ps  was  diacoTercd  in  air,  but  yva.  mast 
remember  that  oxygen  was  not  yet  discorercd ;  in  1771  peoptr 
were  stiQ  doabttog  wbetber  air  was  an  clenteot,  they  bad  not 
proved  it;  bat  Rotberford  in  1772  fbtmd  nitrogen.  His 
node  of  tnaldog  it  would  have  bonified,  I  think,  the  anti^vi- 
ixtxon  of  onr  day.  For  he  took  2  jar  of  air,  placed  it  orer 
water,  and  put  in  a  moose,  and  let  the  mouse  temain  tfaeie  ontil 
it  died,  then  he  washed  the  air  with  lime-water,  and  the 
hme-water  took  away  all  the  caibooic  acid  the  mouse  had  pro- 
duced in  breathmg.  Then  he  put  in  aoothei  mouse  and  let  thAt 
die,  and  so  he  went  on  until  the  last  mouse  died  the  moment  it 
wa*  put  in.  Then,  what  was  left  was  nitrogen,  because  the  mouse 
had  taken  away  all  the  oxygen,  and  breathed  it  away  in  the 
form  of  carbonic  acid,  which  Rutherford  had  washed  out  with  lime- 
watei,  to  (hat  what  was  left  was  nitrogen.  Nitrogen  forms  three- 
fourths  of  the  air,  and  the  other  fourth  is  oitygen.  Nitrogen  is 
a  substance  which  is  admirably  fitted  for  its  purpose.  Oxygen 
is  the  great  lover  of  the  chemical  elements.  It  tries  to  many 
all  the  other  elements,  to  unite  with  ihem  whenever  it  can  j  but, 
nitrogen  is  the  bachelor  of  the  chemical  elements,  and  will  not 
enter  into  union  with  them  without  great  compulsion.  In  the 
atmosphere,  therefore,  it  is  useful  to  form  a  diluent,  to  give  us 
all  the  (jroperties  of  air  without  imparting  any  active  chemical  pro- 
perties. It  was  not  known  that  it  was  such  an  imporUnt  subsUnce 
when  Rutherford  discovered  it. 

Now  I  come  to  the  year  1774,  which  is  a  capital  year  for 
chemistry.  That  is  the  year  when  Priestley  discovered  oxygen, 
and  that  nearly  completed  our  knowledge— not  all  our  knowledge, 
for   our   knowledge   is   still   very  imperfect  with  r^ard   to  air. 
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but  it  made  an  enormous  stride.  Tie  found  that  there  was  a 
substance  in  air,  oxygen,  which  could  be  separated,  and  he  learnt 
how  to  make  it  separate.     He  found  it  had  a  wonderful  power 

■  over  combustion ;  for  instance,  a  light  goes  out  immediately  in 
carbonic  acid,  or  in  nitrogen,  but  oxygen  starts  a  spark  into 
Ught  again  immediately.  Priestley  examined  this  substance  so 
peculiar  in  its  character,  which  has  so  wonderful  a  power  over  com- 
bustion, and  that  gave  us  our  existing  knowledge  of  air.  Air 
then,  with  the  exception  of  some  constituents,  which  I  shall  refer  to 
presently,  consists  of  nitrogen  which  will  not  support  combustion 

i>t  all,  and  oxygen  which  it  is  mixed  with.  Priestley  was  a 
dissenting  minister  in  Birmingham.  He  was  a  man  far  in  advance 
■<rf  his  time  in  every  way.  He  had  a  habit  of  saying  what  he 
believed,  both  in  religion,  in  politics,  and  in  science,  and  so  he 
led  a  most  turbulent  life.  He  was  prosecuted  by  the  Govem- 
Bient,  by  the  Church,  and  by  the  people,  who  pulled  down  his 
house,  burnt  his  library  and  instruments,  and  he  was  obliged  to 
fly  to  America ;  and  yet  Priestley  is  one  of  the  scientific  men 
whose  name  must  always  stand  highest  in  honour  in  this  country, 
Priestley  went  to  Paris  in  1774,  and  showed  the  great  Lavoi- 
sier how  to  make  oxygen.  Lavoisier  is  the  founder  of  modern 
chemistry,  but  he  never  confessed  that  Priestley  had  shown  him 
how  to  make  oxygen.  He  saw  at  once  that  oxygen  was  such 
an  important  thing  that  it  would  revolutionise  all  chemistry,  and 
make  thiiigs  explicable  that  were  not  known  before,  and  imme- 
diately began  lo  work  with  it.  He  founded  our  modem 
chemistry,  and  after  a  few  years  he  renounced  oxygen  as  his  own 
discovery,  but  he  never  said  that  Priestley  had  shown  him  how  to 
make  it.  Lavoisier  was  a  wonderful  man,  though  not  so  great 
I  a  discoverer;  but,  like  Plato,  he  could  see  the  one  in  the 
any,  and  the  many  in  the  one.  He  was  a  great  generalizer,  and 
Slid  explain  phenomena  in  a  wonderful  way.  Here  is  the 
tal  instrument  with  which  Lavoisier  made  his  celebrated 
RtBcaiches  on  combustion.  It  is  called  Ihe  calorimeter.  In  this  he 
Blnmt  substances  in  oxygen,  and  weighed  them  in  air.  Lavoisier 
Iways  used  a  balance,  as  Black  had  taught  him  in  his  researches 
1  lime.     He  surrounded  the  combustible  with  ice,  and  found  how 
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much  ice  was  m«Ited,  and  so  measured  the  combustion  by  heat  The 
water  ran  out  of  this  stop-cock  into  a  measured  vessel,  and  so  he  was 
able  to  measure  the  quantity  of  heat  produced  by  the  combustion 
of  various  substances.  He  completely  proved  that  there  was  no 
such  thing  as  phlogiston,  but  that  combustion  was  simply  the 
union  of  combustible  matter  with  the  oxj-gen  of  the  atmosphere, 
and  the  chemical  phenomena  were  those  resulting  from  the 
affinity  of  oxygen  with  the  burning  substance.  I^voisier  was 
another  of  those  unhappy  men  who  came  on  troublesome  times. 
He  lived  in  the  time  of  the  revolution,  and  his  beail  was  cut 
off  by  the  guillotine  when  he  was  in  the  very  prime  of  man- 
hood, and  at  the  verj-  height  of  his  discoveries.  Afterwards  his 
wife  Madame  Lavoisier,  dressed  as  a  priestess,  in  solemn  procession 
took  the  theory  of  phlogiston  which  Lavoisier  demolished, 
and  to  which  Black  had  given  such  a  great  blow  by  the  use 
of  the  balance,  in  experimenting  nn  lime,  and  burnt  this  theory 
of  phlogiston  on  an  altar,  having  a  solemn  requiem  sung  for 
its  soul.  So  the  French  thought  that  old  Mother  Chemistry 
was  buried  on  this  occasion,  and  that  the  new  chemistry 
was  a  new  child  bom  of  Mr.  and  Madame  Lavoisier,  who 
was  for  ever  afterwards  to  reign  over  our  chemical  science, 
and  she  certainly  reigned  superbly  for  a  time.  But  now  like  all 
persons  she  is  getting  a  little  old  ;  her  teeth  are  decaying,  her 
skin  is  shrivelled,  she  is  still  with  us  as  a  venerated  andeni,  but 
her  time  has  almost  gone  by. 

Now  what  do  you  think  of  all  these  errors  that  occurred  in 
acquiring  our  knowledge?  I  think  you  have  listened  to  but 
little  purpose  if  you  contemn  theory,  because  you  see  theories 
appearing  and  disappearing.  You  see  the  phlogiston  period,  and 
you  see  modem  chemistry  at  the  present  moment  ageing  fast, 
for  the  French  Chemistry  will  no  longer  serve  our  purpose.  But 
the  theory  of  lo-day  is  the  error  of  to-morrow.  The  error  is  nothing 
but  a  shadow  cast  by  the  strong  light  of  truth.  Theories  are  an 
absolute  necessity  to  the  man  of  science,  because  they  collect  in 
one  focus  all  the  knowledge  which  he  possesses  at  a  time. 
Theories  are  the  leaves  of  the  tree  of  science  that  draw  nutriment 
to  the  parent  stem,  and  when  the  leaves  fall  off  they  are  not 
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iost ;  they  fall  lo  the  roots,  decay,  and  give  vigour  lo  the 
stem  and  to  the  branches,  and  it  is  out  of  their  owq  materials  that 
the  new  Iea%es,  or  the  new  theories  reappear.  A  theory  that 
disappears  is  like  a  phcenix  which  is  destroyed,  but  that  rises 
glorious  again  from  its  ashes.  The  theory  of  phlogiston,  of  this 
inflammable  matter  which  was  in  every  substance,  which  has  exerted 
so  much  influence  in  chemistry,  is  reappeanng.  We  no  longer 
call  it  phlogiston  j  we  call  it  potential  energy.  What  chemists  tried 
to  find  as  a  spirit  ur  a  substance,  we  now  know  to  be  a  po- 
tential energy  produced  when  there  is  chemical  combination,  and 
that  which  they  called  phlogiston  we  now  call  potential  energy. 

Now  1  must  sum  up  very  rapidly.  All  that  we  know  of  the  air 
is  pretty  much  this.  It  consists  mainly  of  oxygen  and  nitrogen 
and  carbonic  acid.  That  was  air  when  I  studied,  as  many  of  my 
young  friends  are  studying  now.  That  was  what  we  were  taught 
when  the  late  distinguished  Professor  Graham  was  my  professor  and 
master  in  Glasgow  ;  but  a  number  of  nice  little  strangers  have  since 
been  bom  into  the  ait  during  my  own  lifetime.  For  instance,  am- 
monia was  found  in  air.  Ammonia,  you  know  as  smelling-salts, 
but  that  it  exists  in  the  air  was  not  detected  till  modern  times, 
when  I  was  a  student  under  Professor  Liebig  in  Giessen.  But 
the  reason  was  that  it  is  very  soluble  in  water,  and  the  rain 
washes  it  out  of  the  air.  Liebig  thought  of  looking  for  it  in  rain, 
and  he  found  ammonia  in  the  rain.  Since  then  other  substances 
have  been  found.  For  instance,  there  is  the  peculiar  substance 
known  as  ozone,  which  is  the  active  form  of  oxygen,  and  very  use- 
ful for  attacking  vaporous  foul  matter  and  burning  it  up.  Then 
there  are  a  great  number  of  minute  little  organisms,  having  very 
important  functions  inpromoting  decay  and  putrefaction,  and  even  in 
generating  disease.  All  these  interesting  little  strangers  have  been 
bom  in  my  own  time.  So  who  can  dare  to  say  that  we  have  nearly 
come  to  the  end  of  our  knowledge  of  the  air  ?  We  are  gradu- 
ally going  on  with  our  knowledge,  and  every  few  years  something 
more  is  discovered  with  regard  to  air.  We  now  know  that  the  con- 
nection which  air  has  with  plants  and  animals  is  an  extremely 
interesting  one,  and  with  that  I  will  finish.  How  is  it  that  the 
sir  into  which  so  much  foul  matter  passes,  by  the  respiration  of 
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animals  and  by  the  decay  of  organic  matter,  is  kept  in  a  slate  of 
purity?  We  are  continually  burning  coal.  The  oxygen  unites 
with  the  carbon  it  bums,  and  the  carbonic  acid  passes  into  the 
atmosphere.  We  excavate  annually  in  this  country  about  90 
million  tons  of  coal,  and  that  produces  280  million  tons  of  car- 
bonic acid,  and  all  that  choke-damp  is  constantly  going  into 
the  atmosphere.  Then  our  own  Itings  are  continually  ex- 
piring this  carbonic  acid  ;  substances  are  putrefying;  all  organic 
matter  putrefies  and  decomposes  into  carbonic  acid— water  and 
ammonia,  and  this  passes  into  I  he  atmosphere.  What 
becomes  of  the  atmosphere,  the  balmy  atmosphere  of  the 
poets?  It  now  would  appear  to  you  to  be  a  huge  sewer 
into  which  all  the  pestilential  matter  goes.  What  prevents  that 
foulness  ?  It  is  simply  the  wonderful  arrangement  which  has 
been  made  between  plants  and  animals.  Plants  live  on  these 
substances  which  are  the  product  of  decay  and  life  of  animals. 
The  carbonic  acid  which  we  give  out  from  our  iungs  and  by  our 
habits  of  civilisation  in  the  burning  of  coal,  and  which  emanates 
also  from  dead  bodies,  and  from  all  foul  matter,  passes  into  the 
atmosphere,  and  plants  mould  it  into  the  forms  of  organic 
life.  They  extract  the  oxygen  from  the  carbonic  acid,  and  restore 
that  oxygen  to  the  atmosphere ;  and  there  is  the  wonderful 
system  of  winds  which  helps  this  action.  In  our  cold 
climates  we  bum  coal  and  produce  a  large  quantity  of 
carbonic  acid,  but  a  current  of  air,  low  upon  the  earth,  carries 
that  10  the  equator,  under  the  name  of  trade  winds,  where  there 
is  a  constant  and  ever-glowing  sun  acting  upon  a  luxuriant 
vegetation,  and  that  vegetation  decomposes  this  carbonic  add, 
and  moulds  the  carbon  into  organic  forms,  giving  back  (he 
pure  oxj'gen  to  the  atmosphere.  So  this  is  the  wonderful  circle 
connecting  plants  and  animals  ;  for  plants  feed  animals,  and  animals 
equally  feed  plants.  Although  plants  go  for  a  moment  into 
animals,  the  whole  life  of  an  animal  consists  in  the  unceasing 
death  of  its  particles.  When  1  move  my  arm,  a  part  of  it 
is  turned  into  carbonic  acid,  and  the  carbonic  acid  ultimately 
passes  from  the  mouth,  and  therefore  there  is  a  death  of 
particles    at    every    moment.      By    every  thought   in  the  brain 


■  there  is  a  death  of  a  particle  of  the  brjiin,  which  partly  passes* 
out  as  carbonic  acid  from  the  lungs,  and  as  amido-caibonic 
acid  (urea)  in  the  urine.  So  plants  take  that  carbonic  acid 
and  feed  upon  it,  and  give  back  oxygen  to  the  air,  and  in 
this  way  they  keep  the  atmosphere  in  a  state  of  perfect  purity. 
The  oxygen,  for  instance,  which  we  inhale  to-day  for  the 
purpose  of  our  life  may  have  been  distilled  for  us  by  the  great  trees 
that  skirt  (he  Orinoco  or  the  Amazon  ;  the  oxygen  formed  by  the 
glowing  sun  in  the  tropics  may  be  breathed  out  by  the  roses  and 
myrtles  of  Cashmere,  or  by  the  cinnamon  trees  of  Japan.  There 
is  not  a  blade  of  grass  or  an  animal  too  much  in  the  world ;  one 
balances  the  other,  one  feeds  upon  the  other,  and  each  is 
aecassary  to  the  existence  of  the  other. 

To  what  then  do  we  come  back  ?  We  have  really  come  back 
to  the  old  ideas  of  the  ancients,  very  much  modified  by  the  con- 
cepDons  that  have  grown  around  us.  You  are  not  surprised 
now  that  Diogenes  of  Apollonia,  or  Anaximeues,  thought  that 
life  was  mdmately  connected  with  air.  Life  is  wholly  connected 
with  air,  and  the  essence  of  a  man's  living  is  the  condition  of 
his  being  able  to  have  pure  air.  This  intimacy  of  life  between 
plants  and  animals  is  the  old  notion  of  Anaximenes  and  Diogenes 
of  Apollonia  come  back  in  another  form,  the  unassisted  senses 
now  heightened  and  brightened  by  the  conceptions  which  we  have 
inherited  from  ages,  not  from  one  man,  but  from  a  whole  series 
of  philosophers.  We  have  no  longer  the  fetish  spirit  in  the  air 
whicb  Diogenes  of  Apollonia  saw  and  worshipped,  but  we  have  air 
vivi&ed  by  a  star  which  is  nearly  i  oo  millions  of  miles  from  us,  the 
sun  ;  and  it  is  that  sun  coming  down  upon  the  earth,  in  that  great  act 
of  creation,  when  there  was  said,  "  Let  there  be  Light,  and  there 
«as  Light,*'  which  enables  plants  to  become  the  laboratory  of 
organic  life.  It  is  quite  true  that  air  is  the  grave  of  all  organic 
life  for  we  all  pass  into  air  when  we  die.  But  the  air,  also,  is 
the  cradle  of  organic  life,  for  it  is  from  air  that  all  life  proceeds 
through  this  %'ivifying  action  of  the  sun,  which  enables  it  to  be 
motililed  into  all  the  various  organic  forms.  So  we  find  that 
this  hght,  the  nature  of  which  the  ancients  did  not  know  as  we 

tit,  IS  the  source  of  nearly  all  our  power  on  earth,  and  is  the 
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power  which  maintains  the  rnarvellous  balance    of  organic  life 
in  the  world. 

I  thank  you  for  the  attention  you  have  paid  to  the  lecture. 

The  Chairman  :  Ladies  and  Gentlemen, — Dr.  Playfair  con- 
cluded his  most  interesting  lecture  by  thanking  you  very  much  for 
the  attention  with  which  you  had  listened  to  him,  I  am  sure  that 
your  feelings,  like  mine,  are  those  rather  of  gratitude  to  him 
for  his  kindness  in  coming  forward  this  day.  Yet  when  I 
saw  him  at  work,  and  saw  how  kindly  he  look  to  it,  I 
could  not  help  feeling  that  he  regretted,  perhaps,  the  happy  days 
when  he  was  a  Professor  at  Edinburgh,  and,  perhaps,  almost 
wished  to  be  there  again.  And  when  he  spoke  with  gratitude  of 
the  great  men  under  whom  he  had  studied,  and  from  whom  he 
had  derived  his  very  extensive  knowledge,  I  am  sure  it  must  also 
have  been  a  satisfactory  reflection  to  him  that  his  mantle  as  Secre- 
tary of  the  Science  Departmeiit  has  fallen  upon  such  worthy 
shoulders  as  those  of  Major  Donnelly,  In  thanking  Dr,  Playfair 
we  cannot  but  be,  I  think,  most  grateful  to  that  Department  of 
Her  Majesty's  Government  which  has  provided  us  with  the  means 
of  the  interesting  instruction  we  have  received  to-night,  for,  but 
for  the  action  of  Her  Majesty's  Government,  at  the  suggestion, 
1  believe,  of  the  gentleman  who  succeeded  Dr.  Playfair,  we  should 
not  have  had  here  the  means  of  seeing  the  gradual  steps  by  whidi 
science  emerges  from  a  state  of  utter  darkness  into  a  slate  of  com- 
parative— I  dare  not  say,  after  what  we  have  heard,  of  complete — 
light.  But  we  have  here  heard  descriptions  of  ihe  earliest  action 
of  men's  thoughts;  we  have  seen  before  our  very  eyes  the 
earliest  instruments  by  which  effect  was  given  to  those 
thoughts.  You  have  had  them  admirably  explained  to  day, 
and  it  is  your  fault  if  you  do  not  go  from  this  room  wiser  than 
you  entered  it,  and  thinking  that  what  is  popularly  called  the 
"  common  air  "  in  future  is  something  very  uncommon,  and  well 
worthy  the  investigation  of  philosophers  and  the  ; 
thoughtful  men. 
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Mao-eod  of  Macledd  in  the  Chair. 


H        ON    DAVY'S 

^^B  Mao. 

^^F'  The  Chairhah  :  Ladies  and  Gentlemen, — I  have  the  pleasure 
of  introducing  lo  your  notice  Dr.  Gladstone,  F.R.S.,  who  has 
been  good  enough  to  undertake  lo  deliver  a  lecture  to  you  this 
evening,  for  which,  I  am  sure,  we  are  all  ver^-  much  indebted  to 
him. 

Dr.  Gladstone,  F.R.S.  :  Ladies  and  Gentlemen, —  If  leaving 
this  building  we  walk  down   Piccadilly,  we  shall  find  a   quiet 

■  Street  on  the  left  hand,  called  Albemarle  Street.  Proceeding 
dowa  it  we  may  observe  14  pilasters  and  a  Grecian  facade  on  a 
level  with  the  other  houses.  This  indicates  the  Royal  Institu- 
tion. Entering  it  by  the  swinging  doors  we  find  ourselves  in  a 
vestibule  from  which  rooms  open  right  and  left,  and  there  is  a 
staircase  in  front  which  leads  to  a  library,  and  also  to  the  I 
lecture  theatre.  In  these  different  rooms  there  is  a  large  collec- 
tion of  books  :  in  this  lecture  theatre  we  find  a  horse-shoe 
table,  and  many  rows  of  semi-circular  seats  round  about  it,  and  a 
capacious  gallery.  If  we  go  below  we  shall  find  at  present  two 
laboratories,  the  upper  one  the  physical,  and  under  ii  the  chemical 
laboratory.  If  we  had  gone  there  at  the  commencement  of  this 
century,  during  the  first  ten  years,  say,  we  should  not  have  seen 
that  Grecian  facade,  but  we  should  have  found  the  building 
inside  essentially  the  same.  The  laboratory,  however,  was  some- 
what different,  because  it  was  one  underground  room,  attached 
^'  to  which  was  another  small  lecture  theatre.  It  was  not  so  well 
^K  lighted  as  the  lower  room  at  present  is,  and  attached  to  it  there 
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weie  two  or  three  very  dim  rooms  that  had  been  really  the  cellars  of 
those  houses.  I  want,  however,  to  introduce  you  not  so  much  to 
the  building  itself  as  to  the  work  which  has  taken  place  in  it. 
If  at  the  time  1  mentioned — the  early  part  of  this  century — 
we  had  found  our  way  there  we  should  have  observed  in  all 
probability  a  considerable  portion  of  the  fashionable  world 
wending  iheir  way  thither  also,  and  thronging  into  this  lecture 
theatre.  We  should  have  seen  it  filled  with  the  thte  of  society 
listening  with  the  greatest  attention  to  lectures  delivered  by  a  young 
man  who  was  then  rising  into  great  fame.  He  had  been  bom  in 
Cornwall,  and  had  afterwards  graduated  in  science  (if  I  may  so 
speak)  at  Clifton,  where  he  had  acquired  renown  as  an  investi- 
gator into  nature,  and  then  being  brought  up  by  Count  Rumford  to 
London,  Davy  had  become  first  of  all  assistant,  and  afterwards 
Professor  of  Chemistry  in  the  Royal  Institution.  There  seems 
lo  have  been  some  strange  charm  about  the  young  man's  enthu- 
siasm and  his  way  of  lecturing  that  could  draw  this  fashionable 
audience  there  time  after  time.  It  is  true  thai  there 
were  very  few  other  institutions  in  which  science  was  treated; 
few  schools  in  which  it  was  taught ;  no  museums  like  this 
in  which  could  be  seen  splendid  collections  illustrating  the 
advance  of  science ;  but  at  that  place,  which  was  founded 
for  the  difftision  of  knowledge  and  for  the  application  of  science 
to  the  common  purposes  of  life,  these  enthusiastic  audiences 
were  collected  together  whenever  Davy  was  announced  to 
lecture. 

But  it  was  not  Davy  as  a  lecturer  only,  but  Davy  as  an 
experimenter  that  drew  persons  there.  When  he  first  came  to  the 
Institution,  Volta  had  just  iniroduced  his  battery,  and  exhibited 
this  strange  form  of  electricity  that  was  found  capable  of  tearing 
asunder  water  and  many  other  compounds ;  and  Davy  seems 
to  have  endeavoured  by  all  the  means  in  his  power  to  tear 
asunder  as  many  compounds  as  he  possibly  could. 

I  am  able  lo  bring  before  you  the  five  troughs  and 
batteries  which  he  employed  in  most  of  these  experiments.  These 
are  the  very  batteries,  belonging  now  to  the  Royal  Institution, 
but  lent  to  this  Loan  Collection.    They  are  worn  out,  corroded 
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with  hard  work,  and  I  should  not  like  to  fill  them  with  acid,  or 
try  to  work  with  them,  because  I  fear  they  would  work  no  longer. 
Anything,  therefore,  I  may  show  you  will  be  with  a  modern 
battery  instead  of  this  one.  However,  we  may  look  with  great 
respect  on  these  five  troughs,  knowing  that  with  these  Davy  was 
able,  among  other  things,  to  decompose  the  alkaline  earths,  and 
to  show  for  the  first  time  the  metals  potassium  and  sodium. 
As  this  was  one  of  his  most  important  discoveries,  I  will 
endeavour  to  repeat  it  before  you.  I  shall  take  a  little  potash 
in  this  spoon,  and  heat  it  I  have  now  a  little  of  it  fused.  I 
will  call  for  the  lights  to  be  put  down,  in  order  that  you  may  see 
something  of  this  metal  potassium.  Of  course,  there  will  be  a 
very  little  produced  in  this  way,  but  still  I  hope  you  will  be  able 
to  see  that  it  catches  fire  when  coming  into  the  air  when  hot.  You 
may  now  perceive  where  I  place  this  platinum  wire  into  the  fused 
potash,  the  potash  is  decomposed  and  the  metallic  potassiam 
is  thrown  off  in  globules,  but  directly  these  come  into  the  air  they 
catch  fire.  I  am  sorry  that  this  is  obliged  to  be  on  such  a  small 
scale,  because  we  cannot  here  catch  the  products.  I  will 
show  you,  however,  the  metals  potassium  and  sodium,  and  another 
compound  which  belongs  to  the  same  group.  I  will  take  the 
metal  potassium.  Potassium  is  a  body  which  is  now  made  by  a 
different  process  to  that  I  just  now  showed  you,  and  is  prepared 
on  a  very  extensive  scale.  It  cuts  more  easily  than  lead  would  cut : 
it  has  somewhat  the  same  appearance  as  that  metal,  but  it  is 
exceedingly  light,  although  when  Davy  discovered  it  he  says  that 
one  of  his  friends,  to  whom  he  showed  it  first,  took  it  into  his 
hand  and  remarking  how  like  it  was  to  lead,  added,  "  Oh !  how 
heftry  it  is,"  until  Davy  showed  him  that  when  placed  on  water  it 
would  float,  instead  of  sinking.  I  will  not  put  it  on  water,  but 
will  place  it  upon  a  piece  of  ice.  You  see  it  attacks  water  so 
readily  that  it  catches  fire  on  the  cold  ice  aTjd  burns  away.  No 
wonder  it  caught  fire  when  it  was  produced  over  that  hot 
spirit  lamp  in  the  air. 

I  will  now  lake  the  other  metal  sodium,  which  can  be 
pnxluced  Irom  soda.  I  prefer  throwing  that  upon  hot  water.  If 
1  were  to  throw   it   upon    cold    water,   the   probability   is   that 


iS8     ON DAVTS  AND  FARADATS  APPARATUS. 

it  would  just  roll  about,  and  gradually  decompose.  But  iostead 
of  cold  1  will  take  hot  water,  and  the  heat  will  make  all  the 
difference,  I  hope.  You  remember  perhaps  the  intense  purple 
flame  of  the  other  metal.  This  one  has  now  caught  (ire  and 
burns  with  a  yellow  flame.     This  then  is  the  metal  sodium. 

Then  there  was  another  alkali  which  puzzled  Davy  very  much. 
He  thought  that  the  volatile  alkali  ought  to  give  him  a  similar 
result.  He  took  this  volatile  alkali,  ammonia,  or  spirits  of 
hartshorn,  and  worked  away  at  it  considerably,  and  so  did 
others  imitating  his  example ;  and  they  found  that  when  a  salt  of 
this  ammonia  was  decomposed,  in  the  presence  of  mercury,  the 
mercury  swelled  up  and  became  somewhat  buttery  in  character, 
and  it  seemed  as  if  there  was  some  new  metal  combined  with  the 
mercury.  This  therefore  was  called  the  ammooiacal  amalgam. 
I  will  not  show  you  that  on  the  small  scale  on  which  alone  we 
can  produce  it  by  means  of  the  battery ;  but  we  will  take  another 
amalgam  and  show  you  the  result  of  a  substitution.  Here  I 
have  some  sodium  amalgam.  The  sodium  will  displace  the 
ammonium,  when  I  throw  it  into  this  solution  of  sal  ammom'ac 
We  shall  find  the  mercury  begin  to  swell.  I  think  you  will  now  see 
that  the  little  I  placed  in  the  glass  has  enormously  increased  in 
quantity  and  changed  in  appearance. 

Well,  this  may  not  be  a  compound  of  a  quasi  metal,  ammoniimi, 
with  the  mercury,  but  if  it  is  not  that,  it  is  a  compound  of 
hydrogen  with  the  mercury.  At  present  it  is  giving  off  not  only 
ammonia  but  hydrogen,  which  causes  all  this  bubbling  and 
[his  cauliflower  appearance,  and  these  vesicles  which  are  rapidly 
produced  in  it.  It  will  soon  be  reduced  again  to  metallic 
mercury. 

Davy,  working  with  these  metals,  was  able  to  decompose  maoy 
of  the  earths  and  other  substances  so  as  to  get  other  metals, 
metaJs  perhaps  not  quite  so  capable  of  decomposing  water 
as  potassium  and  sodium,  but  still  metals  which  had  a  great 
affinity  for  the  oxygen  of  the  air. 

Barium  was  one  of  these ;  and  magnesium  was  another.  Mag- 
nesium, as  it  happens,  has  become  a  substance  of  some  import- 
ance since  in  various  ways.     Here  is  a  little  magnesium  lamp. 
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'  We  can  set  fire  to  the  metil  and  you  can  see  it  bum* 
ing,  and  observe  what  an  intense  and  peculiar  light  we  get 
from  this  magnesium  which  is  one  of  the  metals  which  Davy 
was  the  first  to  produce. 

Davy  was  not  content  simply  with  showing  these  new  bodies — 
these  alkali  metals— he  wanted  to  show  how  potash  and  soda 
were  really  built  up  ;  and,  therefore,  he  made  experiments  in 
various  ways.  He  proved  at  length  that  potash  really  contained 
both  this  metal  potassium,  or  alkaligen  as  he  called  it  first,  and 
oxygen.  Now  we  have  before  us  one  of  his  note-books,  in  which 
be  recorded  his  experiments.  1 1  is  his  laboratory  note-book,  and  it 
is  placed  here  in  the  Loan  Collection.  In  order  to  show  the  way  in 
which  Davy  worked,  I  will  read  lo  you  just  this  page.  The  writing  is 
not  very  clear,  but  as  1  have  read  it  before,  I  dare  say  I  can  read 
it  now  without  stumbling,  "  When  potash  was  introduced  into 
a.  tube  having  a  platina  wire  attached  to  it,  so,"  (then  a  little 
drawing),  V  and  fused  into  the  tube  so  as  to  be  a  conductor, 
that  is,  so  as  to  contain  just  water  enough,  though  solid — 
and  inserted  over  mercury,  when  the  platina  was  made  negative 
00  gas  was  formed,  and  the  mercur)'  became  oxydated  and  a 
small  quantity  of  alkaligen,"  as  he  called  potassium,  "  was  produced 
round  the  platina  wire."  Then  he  says,  "  When  the  mercury  was 
made  the  negative,  gas  was  developed  in  great  quantities  from  the 
positive  wire,  and  none  from  the  negative  mercury,  and  this  gas 
proved  to  be  pure  oxygen.  Capital  experiment!"  he  writes 
at  the  bottom,  and  a  capital  experiment  it  was.  Well,  this  was 
cne  of  the  researches  of  Davy,  which  I  am  able  to  illustrate  by 
the  apparatus  belonging  to  the  Royal  Institution  which  is 
now  exhibited  in  the  Loan  Collection  over  the  way.  I  must  not 
take  you  through  all  his  various  researches.  I  might  speak  of  nitrous 
oxide  or  laughing  gas,  for  one  of  the  finest  researches  he  ever  made 
was  on  that  body.  I  have  laughing  gas  in  abundance  upon  the 
table,  but  I  want  to  use  it  presently  for  another  purpose.  I  might 
spcalc  to  you  of  how  he  shewed  the  nature  of  chlorine.  That 
was  another  of  bis  most  brilhant  discoveries,  and  I  have  chlorine 
also  in  this  box,  and  I  shall  presently  refer  to  it  in  speaking 
^_  of  Faraday. 
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Since  I  have  come  into  the  room  Professor  Eccher  has  reminded 
me  that  in  the  collection  over  the  way  there  is  ihe  large  burning 
glass  from  Florence,  the  lens  that  was  used  by  Davy  for  the  com- 
bustion of  diamonds.  In  the  focus  of  that  lens  he  put  the  diamond, 
and  the  sun  of  Italy  streamed  down  upon  it,  and  qaiised  it  to 
bum.     In  this  way  he  discovered  that  diamond  was  made  of  pure 

1  will  hasten  on  to  another  of  Davy's  discoveries.  You  may  say 
that  these  to  which  I  have  already  alluded  have  a  very  remote 
Iwaring  upon  the  actual  requirements  of  man.  But  the  one 
which  I  shall  speak  of  now  has  a  direct  bearing  on  the  welfare  of  our 
fellow- creatures.  In  1815  the  attention  of  Davy  was  very 
forcibly  directed  to  the  accidents  in  coal  mines  from  the  explosion 
of  gas.  This  seems  to  have  taken  possession  of  his  mind,  and  he 
wanted  to  find  some  way  in  which  it  might  be  cured.  It  was  in 
Scotland  he  thought  of  it.  He  returned  by  Newcastle  and 
saw  some  mines  there,  and  went  vigorously  to  work  in 
London.  He  was  a  man  who  entered  heartily  into  things  for  the 
benefit  of  his  fellow-men,  ar.d  during  that  autumn  he  was  able  to 
produce  such  good  work  that  he  invented  the  beautiful  contriv- 
ance which  is  known  as  the  Davy  lamp. 

I  will  show  you  the  principle  of  the  Davy  lamp  first  of  all.  1 
will  not  lake  coal  gas  first  but  an  ordinary  candle,  and  1  will 
show  you  that  there  are  more  ways  than  one  of  extinguishing  a 
candle.  It  is  possible  to  extinguish  it  by  putting  a  little 
coil  of  wire  over  it.  That  puts  the  candle  out  perfectly,  although 
il  does  not  obstruct  the  air  in  any  way.  It  was  merely  because  it 
was  cold,  and  conducted  away  the  heat  of  the  flame.  We  may  light 
ihc  candle  again  and  heat  our  wire,  and  then  we  shall  find,  I  think, 
that  it  will  no  longer  extinguish  the  candle.  I  will  just  place  it 
upon  the  flame.  You  see  the  light  bums  still,  although  the 
wire  is  round  it  just  as  before,  because  it  is  now  not  cooled  down, 
and  therefore  it  continues  to  burn. 

This  shows  you  the  immense  importance  for  the  continuance  of 
a  flame,  that  there  should  not  be  metalorany thing  else  about  itwhich 
carries  away  the  heat.  But  the  coal  gas  itself — or  the  gas  of  the 
mines  which  is  almost  identical  with  the  gas  we  are  burning  here— is 
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ra  substance  much  less  disposed  to  bum  than  the  candle  is;  and  it 
was  found  that  an  explosive  mixture  of  air  and  the  fire-damp  of 
mines  when  caused  to  pass  through  tubes — these  are  some  of  the 
early  specimens  that  Davy  used— will  not  explode.  We  will  place 
this  apparatus,  consisting  of  smalt  glass  tubes  passing  through 
a  cork  and  secured  by  sealing  wax,  on  the  top  of  a  tube  through 
which  gas  mixed  with  air  is  passing,  and  we  shall  see  that  on 
setting  fire  to  the  gas,  it  bums  away  very  quietly  ai  the  end  of  the 
lubes,  but  the  fire  does  not  run  back  through  the  tube,  although 
there  is  an  explosive  mixture  below.  Now,  instead  of  these  lubes 
we  will  try  another  experiment.  A  number  of  little  plates  of 
metal  are  put  side  by  side  like  an  elongated  gridiron,  if  I  may  say 
so,  and  the  gas  will  pass  through  these  and  will  bum  at  the 
lop  just  as  it  did  through  the  tubes.  There  it  burns,  and  it  will 
continue  to  bum  any  length  of  time.  Davy  took  advantage  of 
this  principle,  and  at  first  he  made  the  kind  of  lamp  which  1  have 
here.  He  started  with  the  idea  of  lanterns.  This  piece  of 
apparatus  which  I  showed  you  first,  he  put  in  the  bottom  of  bis 
lantern,  so  that  the  air  would  go  up  through  these  tubes. 
Now  there  is  a  tlame  in  the  lantern,  and  the  flame  cannot  come 
down  through  these  tubes,  and  therefore  if  there  were  an 
explosive  mixture  sweeping  through  the  passage  of  the  mine,  and 
going  through  these  tubes  and  supplying  this  lantern,  the  flame 
could  not  ignite  the  gas  outside.  Then  in  the  upper  portion  he 
had  another  arrangement  He  put  some  of  the  lubes  in  here,  so 
as  to  cool  down  the  gas  as  it  came  out  and  passed  away. 
Thus  he  was  able  to  produce  a  little  lantern  which  was  safe  in  the 
midst  of  explosive  gases.  Then  he  made  other  forms.  Here  are 
several.  There  are  metallic  tubes  and  there  are  glass  tubes.  In 
this  way  he  was  able  to  manage  to  burn  a  feeble  light.  The  flame 
intist  have  been  rather  bad^smoky ;  but  still  it  gave  light  to  the 
miner.  Here  is  a  lamp  which  I  can  hardly  imagine  did  succeed, 
since  there  is  a  great  want  of  ventilation,  and  though  quite  safe,  I 
.    doubt  if  it  could  give  much  light. 

I  want  to  pass  on  now  to  what  was  really  his  best  discovery, 

as  far  as  the  safety  lamp  was  concerned.     He  actually  introduced 

i-tttesc  lamps  which  I  have  shown  you,  into  the  workings  of  coal 
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mioes  with  success,  but  be  improved  upon  them  afterwards,  by 
finding  that  if  he  took  sufficient  cooling  surface  he  might  reduce 
his  tubes  to  something  exceedingly  smalL 

We  will  take  wire  gauze,  rather  thick,  and  we  shall  find  that  we 
have  the  mastery  of  a  flame.  We  uill  take  a  large  flame,  and  I 
think  it  will  pass  through  this  large  specimen  of  wire  gauze, 
because  the  meshes  are  very  wide;  but  you  see  even  that 
afifects  the  colour  of  the  flame  verj-  much.  This  gauze  again  is 
much  finer,  and  the  flame  cannot  get  through  it.  If  we  put  it  at 
the  top  of  a  tube  through  which  gas  is  issuing,  we  can  light  the 
gas  on  the  upper  surface,  but  the  flame  will  not  pass  through. 
I  can  lift  the  gauze,  and  the  flame  with  it,  a  considerable  height ; 
in  fact,  until  the  flame  goes  out ;  and  it  would  only  catch  fire 
underneath  by  the  flame  getting  round  the  edges. 

I  want  to  show  you  that  in  another  form.  You  may  remember 
this  tube  I  experimented  with  just  now  ;  it  was  filled  with  explosive 
gas,  and  I  will  fill  it  again.  Inside  this  tube  there  is  a  tittle 
bit  of  wire  gauze  stretched  across  it :  the  flame  will  run  down 
and  stop  there,  producing  a  musical  note.  In  that  way  we 
get  a  complete  mastery  of  the  flame.  I  have  taken  a  piece  of 
wire  gauze,  and  just  twisted  it  up  in  the  form  of  a  filter.  I 
will  light  a  little  turpentine,  and  there,  you  see,  is  a  very  large 
flame.  I  pour  the  turpentine  into  this  gauze,  and  you  see  it  nms 
through  fast  enough,  but  the  flame  does  not ;  it  cannot  get  past 
the  wire. 

I  think  I  must  show  you  one  pretty  little  device  which  was 
shown  me  at  the  Loan  Exhibition  the  other  day  by  Dr.  Mann. 
He  said  he  meant  to  exhibit  it  some  time  or  another,  but  he  was 
quite  willing  that  I  should  show  it  here  also.  There  we  have  the 
gas ;  it  mixes  with  air  and  passes  through  a  little  wire  gauze, 
and  those  of  you  who  are  near  will  be  able  to  see  this  beautiful 
blue  cone  inside.  The  feet  is,  that  the  mixture  has  to  be  heated 
up  to  a  certain  temperature  before  it  catches  fire,  and  this  cone 
is  a  hollow  cone  of  explosive  gas  that  catches  fire  just  where 
it  becomes  hot  enough.  All  outside  that  inner  cone  is  what  is 
called  a  solid  mass  of  flame.  Here  is  a  little  piece  of  platinum 
wire  which  I  will  put  through  the  flame  above  the  cone,  and  you 
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see  the  whole  of  the  piece  of  metal  becomes  incandescent  or 
red  hot,  showing  that  the  flame  stretches  wholly  across. 

These  are  all  illustrations  of  this  great  principle,  thai  a  mixture 
of  gas  and  air  will  not  inflame  except  at  a  pretty  considerable 
tciMperature  ;  and  if  we  reduce  the  temperature,  by  causing  it  to 
pass  through  narrow  tubes,  or  wire  gauze,  it  will  not  convey  the 
flame  ;  it  will  only  burn  on  one  side  of  the  obstacle. 

Now  when  Davy  perceived  that,  he  improved  upon  his  safety 
lamp.  He  said  if  we  simply  surround  the  flame  with  pieces  of 
wire  gauze,  it  is  all  that  we  want,  because  air  will  pass  through  the 
wire  gauze  below,  and  the  products  of  combustion  will  go  away 
above.  Therefore  he  made  his  Davy  lamps  of  this  very  simple 
construction ;  just  a  little  piece  of  wire  gauze  round  the  flame. 
Here  are  various  arrangements,  some  square  and  others  round ; 
some  with  exceedingly  coarse  wire  gauze,  and  others  extremely 
fine.  1  believe  I  have  here  the  very  first  Davy  lamp  that  was 
ever  made.  It  is  a  small  piece  of  very  fine  wire  gauze  indeed  ; 
there  is  a  little  wick  to  be  lighted,  and  no  doubt  Davy  found 
that  he  could  put  the  protected  wick  into  an  explosive  mbtture 
without  igniting  it.  There  are  various  other  forms.  Sometimes  he 
employed  perforated  metal,  sometimes  wire  coiled  round  and  round 
tighdy;  and  he  appears  to  have  tried  a  great  many  different 
expedients  before  he  adopted  a  permanent  form.  This  perhaps 
is  the  most  typical  Davy  lamp.  There  is  a  lamp  with  its  wide 
encased  in  this  column  of  wire  gauze,  which  is  doubled  in  the 
tipper  part  because  there  it  gets  very  hot ;  and  when  it  is  red  hot 
there  b  a  certain  danger  of  its  igniting  the  coal  gas.  Here  is  one 
with  a  lens  io  front.  It  is  protected  in  the  same  way,  the  products 
of  combustion  passing  through  the  wire  gauze.  There  is  a  very 
fine  collection  in  the  Exhibition,  near  the  entrance  at  Queen's 
Gate,  of  many  modem  forms  of  safety  lamp,  besides  these  speci- 
mens of  Davy's,  I  will  pass  this  lamp  now  into  a  highly  ex- 
plosive mixture.  Vou  see  as  it  goes  down,  the  flame  changes  in 
appearance.  The  miner  would  know  he  was  in  a  dangerous 
atmosphere,  but,  stitl  there  is  the  lamp  burning,  though  no  explo- 
sion takes  place.  It  has  become  very  much  dimmed  now,  and  it 
will  eventually  be  put  out  by  the  explosive  mixlure  instead  of  the 
explosive  mixture  catching  fire.  M  1 
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We  see  in  that  way  how  the  scientific  researches  of  Davy 
were  productive  of  one  of  the  most  important  discoveries  for  the 
benefit  of  his  fel!ow-men,  so  that  they  could  work  in  those  under- 
ground passages  with  perfect  impunity  from  the  dangers  of  the 
explosive  firendamp.  We  know  unfortunately  that  accidents  «tiU 
occur.  \Vhen  gas  does  explode,  I  believe  it  generally  happens 
through  the  carelessness  of  the  workmen,  who  will  open  their 
lamps  in  order  to  obtain  more  light. 

Time  is  passmg  very  rapidly,  and  I  have  to  speak  of 
Michael  Faraday.  Many  of  jiau  know  something  of  the 
history  of  that  very  remarkable  man.  You  know  how  he  was 
bom  poor,  how  he  was  apprenticed  when  very  young  to  a  book- 
seller and  bookbinder,  how  he  had  an  insuperable  love  of 
science,  and  how  he  commenced  to  make  experiments  as  soon  as 
ever  he  could.  While  he  was  still  at  work  at  the  bookbinder's  he 
wanted  very  much  to  make  an  electrical  machine.  He  knew  some- 
thing about  such  machines  from  an  article  on  electricity  he  had 
read  in  the  Encyclopaedia  Britannica,  and  so  he  went  and  spent  ^d. 
in  buying  two  bottles ;  but  unfortunately  his  ^i.  was  thrown  away, 
for  he  could  make  nothing  of  the  bottles.  He  wanted  to  have  a 
really  good  glass  cylinder,  and  the  one  which  he  coveted  was 
4f .  bd.  in  price.  He  looked  at  it  for  a  long  while,  and  saved  up  his 
money,  and  when  he  had  21.  he  borrowed  the  other  half- 
crown  from  his  master,  and  went  off  with  the  4 J.  td.  and 
triumphantly  carried  home  this  glass  cylinder.  You  know 
probably  that  his  father  was  a  smith,  and  so  his  father  set  to 
work  and  forged  this  iron  axle,  and  passed  it  through  these  corks 
and  through  the  cylinder,  and  then  the  son  Michael  made  what  he 
called  the  first  chemical  experiment  he  ever  performed,  which  was 
to  dissolve  some  sealing-wax  {in  naphtha,  I  suppose.)  He  took 
this  sealing-wax  solution,  and  rubbed  it  all  round  here,  so  as  to 
insulate  the  whole  thing  as  well  as  possible,  and  then  to  cover 
over  the  blemishes  of  his  workmanship  he  made  it  beautifully  red 
with  this  vermilion  all  round  the  two  ends.  In  the  cellars  of 
Mr.  Riebau,  his  master,  the  bookseller,  there  was  a  broken 
mahogany  table,  and  he  got  hold  of  those  broken  pieces 
and  constructed  this  stand  which  you  can  see  is  of  real  mahogany, 
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and  he  got  somebody  else,  (I  believe  he  paid  \d.  or  arf. 
for  it)  to  make  this  additional  support.  Then  his  brother  was 
also  in  the  trade  of  a  metal  worker,  and  he  made  this  very  ingeni- 
ous brass  spring  by  which  this  rubber  with  the  attached  silk  is 
caused  to  press  hard  upon  the  glass  cylinder.  It  is  very 
simple  and  very  ingenious.  Then  he  made  this  prime 
conductor,  with  a  sort  of  fork  with  three  points ;  and  then 
this  damp  was  made  so  as  to  fix  his  apparatus  to  the  table  and 
hold  it  firm.  But  there  were  some  portions  which  have  been 
lost  since.  This  conductor,  of  course,  must  have  been  insu- 
lated upon  a  glass  support,  instead  of  the  wooden  support 
which  is  put  there  merely  for  convenience,  because  the  glass  one 
is  lost.  There  was  also  in  all  probability  a  second  mahogany 
wheel  corresponding  with  this  one,  with  a  band  put  round  it  in 
order  that  he  might  turn  it  well.  Then  there  was  the  amalgam 
on  the  rubber,  and  by  turning  the  cylinder  he  was  able  to  get 
sparks,  and  all  the  common  phenomena  of  electricity  known  at  that 
time.  I  cannot  show  you  any  sparks  from  this  machine :  I 
have  tried,  but  the  fact  is,  it  is  rather  old,  and  it  is  out 
of  working  order;  the  amalgam  too  is  all  oxidated;  anditappears 
to  me  that  to  polish  it  and  put  it  in  order  would  be  a  kind  of 
desecration  of  the  old  instrument,  and  thus  I  have  not  attempted 

it. 

That  machine  was  made  and  worked  by  him  while  he  was  still 
a  bookbinder's  apprentice,  but  he  aftem-ards  got  an  introduction 
to  some  of  Davy's  lectures  at  the  Royal  Institution.  He  read 
very  fully  Davy's  writings  ;  he  became  an  enthusiastic  admirer  of 
him,  and  wrote  out  his  last  four  lectures;  and  then  he  gave 
the  book  to  Davy,  and  asked  to  be  employed  by  him.  I  should 
like  to  go  on  with  his  whole  history  afier  Davy  took  him  into 
bis  employment,  and  show  you  how  this  poor  lad  gradually 
worked  his  way  up,  by  his  industry,  his  perseverance,  and  his 
high  character,  to  be  a  good  lecturer  and  to  be  a  fiist-rate  ex- 
perimenter ;  so  that  he  became  eventually,  what  1  think  we  may 
call,  the  prince  of  these  two  departments.  Ami  although  Davy 
had  made  the  fame  of  the  Royal  Institution,  Faraday  sustained 
that  fame  during  the  many  years  he  was  connected  with  it.     During 
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those  fifty  years  he  worked  upon  many  chemical  and  phy- 
sical subjects,  and  upon  maDy  electrical  matters,  opening  out 
new  regions  of  knowledge  to  us.  The  Fullerian  Professorship  of 
Cbemistry  was  founded  in  order  that  he  might  be  the  professor.  I 
wanted  to  include  his  woric  in  my  lecture  to-day,  although  of  course 
I  could  have  occupied  the  time  with  Davy  alone,  because  I  knew 
Faraday  well  and  loved  and  admired  him  so  much  ;  and  when,  be- 
tween two  and  three  years  ago,  the  managers  of  the  Royal 
Institution  asked  me  to  undertake  the  duties  of  the  Fullerian 
Professorship  of  Chemistry,  though  I  had  a  good  deal  else  on 
my  hands  at  the  time,  I  could  not  decline  so  honourable  a 
request,  and  I  accepted  the  professorship.  Therefore,  as  one  who 
holds  at  the  present  lime  the  chair  which  was  founded  for  Fara- 
day, I  thought  I  must  say  something  about  Faraday.  But  my 
colleague.  Professor  Tyndall,  the  Professor  of  Natural  Philosophy, 
has  ahready  brought  before  you  last  Saturday,  in  his  able  manner, 
many  of  the  discoveries  of  Faraday,  especially  hfs  electrical  re- 
searches, and  therelore  I  shall  leave  them  entirely  aside,  and 
confine  my  remarks  and  illustrations  to  his  chemical  researches. 
I  must  mention  one  which  he  commenced  when  very  young, 
and  which  he  carried  on  at  times  almost  throughout  his 
life,  Davy  was  experimenting  with  this  very  remarkable  gas, 
chlorine.  He  obtained  it  combined  with  water,  and  he  and  Faraday, 
between  them,  made  experiments  and  produced  an  oily  liquid  which 
Faraday  found  to  be  liquid  chlorine — chlorine  which  was  so 
much  compressed  inside  a  tube  that  it  assumed  the  form  of  a 
liquid  instead  of  a  gas.  This  set  Faraday  working  in  that  direc- 
tion, You  know  in  those  days  people  thought  there  were 
certain  things  which  were  gases,  like  air,  or  the  gas  in  mines,  or 
oxygen,  or  nitrogen,  or  hydrogen.  These  were  always  gases, 
and  nothing  but  gases,  in  their  estimation.  Then  there  were 
certain  other  things  which  were  always  liquids,  such  as  water, 
or  spirits  of  wine;  you  could  boil  them  off  into  vapours 
no  doubt,  but  stilt  they  were  liquids.  Then  there  were 
other  things  which  were  solids,  such  for  instance  as  glass,  which 
retained  particular  forms,  and  were  affected  in  shape  very 
little  if  at   all  by  gravitation.       A    liquid   will    fall    down    and 
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assume  the  form  of  the  vessel  into  which  you  pour  it,  with  a 
flat  surface  on  the  top ;  and  gas  also  you  may  pour  into  a 
vessel,  and  if  heavier  than  air  it  will  fall  down  like  a  liquid, 
but  the  gas  will  have  a  very  uneven  surface,  and  gradually 
it  will  rise  up  aad  fill  the  whole  vessel,  mixing  with  any  other 
gas  that  is  there  ;  besides,  a  liquid  is  very  slightly  compressible, 
while  a  gas  is  extremely  compressible  and  elastic  Now  one 
of  Faraday's  works  which  he  carried  on  throughout  his  researches, 
was  the  breaking  down  of  boundaries.  There  was  this  boundary 
drawn  between  gases  and  liquids  which  could  be  vaporised  ;  he 
showed  that  gases  were  merely  what  we  may  call  permanent 
vapours ;  that  if  you  can  only  heat  a  solid  sufficiently  without 
decomposing  it,  you  can  melt  il  into  a  liquid,  and  then  you  can 
raise  it  into  a  gas ;  and  if  you  take  the  gases  and  compress  them 
enough,  or  cool  them  enough,  you  can  reduce  them  into  a  liquid 
and  afterwards  into  a  solid  form,  so  that  it  would  seem  that 
every  substance,  which  is  not  decomposed  by  heat  or  cold,  is 
capable  of  existing  in  the  three  forms  of  gas,  of  liquid,  and  of 
sohd.  This  is  the  pump  which  Faraday  used  for  squeezing 
wcty  many  of  the  gases.  These  are  the  tubes  which  he  employed, 
and  there  are  many  other  things  here,  nuts,  screws,  spanners,  and 
all  sorte  of  instruments.  Here  are  a  number  of  the  results  in  this 
box.  Most  of  them  were  made  in  this  way  :  —  Faraday  took  the 
materials  from  which  the  substance  is  produced,  placed  them 
in  a  stout  sealed  tube,  and  thus  prepared  the  gas  under  great 
pressure.  He  generally  found  that  with  sufficient  pressure  it  became 
liquid.  Of  course  his  tubes  frequently  burst  in  the  operation,  but 
he  took  the  best  care  he  could  to  protect  himself.  And  here  are 
many  of  the  products  in  these  tubes,  all  of  them  no  doubt  under 
very  considerable  tension.  I  do  not  know  how  far  you  will 
be  able  to  see  them  arranged  at  the  bottom  of  the  box  from 
any  distance ;  but  there  is  liquefied  chlorine,  liquefied  ammonia, 
liquefied  laughing  gas,  or  nitrous  oxide,  and  there  is  liquefied 
miuiatic  acid,  hydro-bromic  acid,  and  many  other  things.  Well, 
I  cannot  take  these  out  and  show  you  that  the  liquids  would 
become  gaseous  if  one  removed  the  pressure,  for  one  does  not 
to  spoil  the  specimens.     However,  I  will  take  laughing 
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gas,  that  nitrous  oxide  which  Davy  investigated  so  very  fully,  and 
which  Faraday  condensed  into  a  liquid.  It  is  now  used  largely 
by  dentists  for  producing  ansesthesia.  Mr.  WilHams  will  let  a  little 
of  it  out  of  this  strong  iron  vessel  by  gently  turning  the  tap,  and 
we  will  collect  it  over  water.  It  is  a  compound  of  nitrogen  and 
oxygen,  with  which  many  of  you  are  quite  familiar,  because  it 
is  well-known  in  chemical  experiments ;  but  I  will  show  you 
at  any  rate  that  we  have  a  gas  here  in  which  a  substance  will 
bum  better  than  in  common  air.  Vou  perceive  that  this  piece 
of  wood  which  was  only  red  hot  catches  fire  when  put  into  this 
gas.  Well,  now,  instead  of  allowing  it  to  come  out  in  the  way 
in  which  it  did  just  now,  to  pass  through  that  water,  I  will  cause 
it  to  come  out  into  this  little  tube.  Here  is  the  liquid, 
as  you  perceive,  at  the  bottom  of  the  lest  tube,  and  there 
is  a  solid  at  the  top  which  has  been  condensed,  and  I  think 
you  can  see  there  is  a  good  deal  of  it  which  has  frozen  on 
my  handkerchief.  Of  course  it  is  evaporating  very  rapidly ;  I 
do  not  know  what  enormous  amount  of  temperature  above  its 
boiUng-point  it  is  exposed  to,  but  it  is  slowly  boiling  away  and 
rising  into  vapour.  If  we  put  a  little  piece  of  red-hot  charcoal 
into  the  tube,  it  burns  away  very  readily  in  the  liqviid  nitrous  gas. 
You  see  some  solidified  gas  there,  and  I  think  we  can  produce 
it  in  a  more  satisfactory  way  still  by  causing  the  gas  to  come  out 
intermixed  with  a  quantity  of  air,  when  it  will  evaporate  so 
rapidly  as  to  produce  such  intense  cold  that  it  will  freeze  the  liquid 
as  it  condenses,  and  cause  it  to  fall  down  as  snow,  I 
am  enabled  therefore  to  show  you  this  nitrous-oxide,  which 
is  ordinarily  a  gas.  and  which  Faraday  first  produced  in  the  liquid 
form,  as  a  liquid,  and  also  as  a  solid,  which  Faraday  never 
saw,  I  should  have  liked  to  have  exhibited  to  you  some  of  the  sim- 
plicity of  his  arrangements,  but  time  is  passing  very  rapidly. 
We  saw  the  ingenious  way  in  which,  when  quite  a  youth  with  no 
money  to  spare,  he  made  this  electrical  machine.  He  carried 
out  the  same  principles  iti  after  life.  At  a  very  advanced  period 
of  his  career  he  made  these  different  pieces  of  apparatus ;  he 
would  work  away  with  those  ingenious  fingers  of  his,  twisting 
wires,    cutting    out    cards,    melting   sealmg-wax,    and    so    on; 
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cODstractiDg  the  most  ingenious  contrivances,  such  as  theae 
on  the  table,  in  connection  with  his  magneto-electric  re- 
searches, many  of  which  bear  indications  of  the  bookbinder's 
apprentice,  but  I  cannot  dwell  upon  that. 

I  should  like  to  say  just  a  word  or  two  about  some  other 
qualities  of  the  man.  There  was  the  power  of  his  imagination 
by  which  he  was  able  to  see  beyond  what  his  contempo- 
raries saw,  so  as  to  picture  thQ  various  forces  of  nature,  and 
figure  to  himself  what  might  be  .taking  place  in  the  phenomena. 
But  this  power  of  imagination,  though  a  quality  of  the  very  high-  ■ 
est  order,  and  perfectly  indispensable  for  genius  or  for  the  higher 
achievements  of  scientific  research,  is,  you  know,  a  quality  which 
requires  curbing  and  holding  in,  but  Faraday  had  also  another 
quality,  an  intense  love  of  truth,  a  determination  that  he  would 
never  rest  until  his  mind  was  perfectly  satisfied  that  he  had  got 
hold  of  a  fact,  and  with  those  two  qualities  he  was  perfectly  free  to 
follow  any  theory.  He  started  usually  upon  his  researches  with- 
out having  made  up  his  mind  as  ta  what  was  going  to  take  place, 
but  with  his  mind  perfectly  open  and  receptive  to  the  truth  of 
whatever  nature  might  indicate.  He  worked  away  all  day  in  his 
laboratory,  usually  among  the  kind  of  apparatus  which  we  see  here. 
That  was  generally  his  life,— working  in  the  laboratory,  or  giving 
lectures  in  the  theatre  above  ;  the  prince  of  experimenters,  the 
prince  of  lecturers.  When  the  day's  work  was  over  he  went  up- 
staira  into  the  bosom  of  his  family  ;  he  was  a  man  of  much  domestic 
feeling,  and  there  with  his  wife  and  nieces  he  usually  spent  the  even- 
ing, ot  he  went  out  to  divert  himself  with  some  of  the  various  shows 
or  amusements  of  this  metropolis,  the  Zoological  Gardens  being  a 
great  favourite.  On  Sundays  be  always  found  his  way  down  to 
the  church  of  which  he  was  an  elder,  and  Wednesday  afternoons  he 
also  devoted  to  his  church.  Frequently  he  visited  the  sick,  when- 
ever they  required  his  solace  and  care.  Beyond  his  laboratory,  his 
home,  and  his  church,  he  had  but  little  life;  he  entered  not  at  all 
into  politics,  and  very  little  into  any  of  the  social  questions  of  the 
day ;  but  there  was  one  question  he  did  express  his  opinions  on 
very  strongly  and  worked  a  little  at— and  that  was  the  subject  of 
education.    He  was  very  desirous  that  the  physical  sciences  should 
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have  a  much  larger  part  in  general  education  than  they  had  in 
his  day.  I  may  perhaps  read  you  his  own  words  oa  this  sub- 
ject :  "  That  the  natural  knowledge  which  has  been  given  to  the 
world  in  such  abundance  during  the  last  fifty  years  should  remain 
untouched,  and  that  no  sufficient  attempt  should  be  made  to 
convey  it  to  the  young  mind  growing  up  and  obtaining  its  first 
views  of  these  things,  is  to  me  a  matter  so  strange  that  I  find  it 
difficult  to  understand.  Though  I  think  I  see  the  opposition  break- 
ing away,  it  is  yet  a  very  hard  one  to  overcome.  That  it  ought  to 
be  overcome  I  have  not  the  least  doubt  in  the  world."  Since  his 
day,  it  has  been  largely  overcome,  and  we  find  now  the  evidence 
round  about  us  of  the  great  interest  that  the  people  take  in  all 
matters  of  science,  and  we  find  that  it  is  wending  its  way  into  our 
various  schools :  and  so  it  ought.  I  am  quite  sure  if  Faraday  had 
been  standing  in  this  place  this  evening,  and  had  been  enchanting 
you  as  he  would  have  done  with  an  account  of  his  own  experiments, 
he  would  very  likely  have  spoken  of  the  great  educational 
advantage  of  this  museum  and  of  the  adjoining  buildings,  and 
he  would  have  claimed  for  natural  science  an  honoured  place  in 
the  education  of  every  Englishman  and  Englishwoman. 

Seeing  we  are  in  the  midst  of  various  forces  which  act  upon 
US,  and  are  surrounded  by  different  kinds  of  matter,  our  bodies 
subject  to  the  laws  of  chemistry,  of  physics,  of  heat,  of  electricity, 
and  of  mechanical  force  contending  with  them  at  every  moment, 
it  did  seem  to  Faraday  most  important  that  we  should  under- 
stand them,  and  that  we  should  not  be  their  slaves  but  their 
masters  :  and  that  we  can  only  become  by  studying  them.  What- 
ever other  subjects  must  be  learned  (and  we  need  not  disparage 
those  subjects),  still  I  think  it  is  the  duty  of  those  of  us  who 
may  have  any  influence,  to  promote  by  all  means  education  ia 
these  physical  matters,  in  the  knowledge  of  those  forces  and  sub- 
stances among  which  God  has  placed  us,  and  in  studying  which 
we  trace  the  workmansliip  of  his  hands.  In  this  way  we  can 
enrich  our  minds,  and  find  ourselves  more  fully  furnished  for  the 
battle  of  life ;  and  depend  upon  it,  just  as  Davy  or  Faraday  found 
that  some  of  their  researches,  which  seemed  the  farthest  away 
from  any  practical  application,  in  process  of  time  were  made 
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subservient  to  the  use  of  man,  so  we  shall  find  now.  There  arc 
certain  minds,  such  as  the  minds  of  the  two  men  1  have  brought 
before  you,  especially  the  latter  of  the  two,  which  seem  to  work 
in  the  outermost  regions  of  knowledge  ;  they  do  not  think  of 
how  their  knowledge  is  to  be  brought  down  to  the  common 
needs  of  humanity  ;  and  yet  we  know  that  both  Davy  and  Faraday 
were  far  from"  indifferent  to  what  might  benefit  their  fellow-men. 
We  have  seen  one  instance  in  the  enthusiastic  way  in  which  Davy 
set  to  work  and  entered  into  those  experiments  on  flame  which  I 
have  described  so  briefly.  It  is  almost  inconceivable  to  us  how  he 
could  have  done  so  much  in  so  short  a  time  for  the  benefit  of  the 
men  working  in  the  mines.  And  similarly  Faraday  sometimes  look 
up  subjects  which  bore  upon  the  necessities  of  life,  and  at  other 
times  his  most  recondite  discoveries  bore  practical  fruit  even  in  his 

F-OWn  lifetime. 
1  should  have  liked  to  have  said  something  to  you  about  hiS' 
magneto-electrical  experiments,  but  I  must  pass  on.  I  have 
already  shown  you  Davy's  note-book,  and  here  is  Faraday's  note- 
book in  which  he  describes  his  experiments  with  nitrous  oxide. 
Here  also  are  some  of  the  large  coils,  natural  magnets,  and  so  on, 
with  which  he  first  obtained  the  evidence  that  from  magnets  we  can 
get  a  spark  of  electricity.  As  he  first  produced  it,  it  was  a  little 
spark,  30  small  that  it  could  hardly  be  seen,  and  it  would  be 
impossible  even  in  the  dark  to  show  it  to  such  an  audience  as  this ; 
but  Faraday,  even  in  his  own  days,  had  the  satisfaction  of  seeing 
his  liiile  baby  grow  up  into  a  giant ;  he  saw  the  little  spark  which 
he  had  been  the  first  to  produce  exalted  by  others  so  as  to  produce 
one  of  the  most  brilliant  lights  we  have.  Davy  himself  showed 
that  if  we  take  the  Voltaic  battery,  or  any  other  source  of  Electric 
power,  and  cause  a  current  to  pass  between  charcoal  points,  we  get 
a  brilliant  light.  Now  if  we  produce  Faraday's  magneto-electric 
light  between  charcoal  points  we  get  a  bright  light  too.  It  was  Mr. 
Holmes  who  suggested  this  for  lighthouse  purposes,  and  Faraday, 
being  at  that  time  the  scientific  adviser  of  the  Trinity  House,  was 
called  upon  to  examine  it.  I  at  the  same  time  happened  to  be 
KTving  on  ihc  Royal  Commission  on  Liglithouscs,  and  thus  I  had 
^^^le  happiness  of  being  associated  with  those  who  were  working  on 
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this  electric  light,  and  of  making  some  of  these  experiments  widi 
Faraday.  Faraday  worked  away  at  this  matter  until  he  con- 
vinced himself  that  this  light  was  practically  available  for  the  pur- 
pose of  lighting  our  shores.  It  was  put  up  at  the  South  Foreland,  and 
afterwards  removed  to  Dungeness  Lighthouse,  where  I  dare  say  you 
have  seen  the  brightest  spark  on  earth  shining  from  the  lighthouse. 
Thus  has  Faraday's  little  magneto-electric  spark  been  exalted  into 
that  marvellous  blaze.  If  you  go  into  the  Loan  Collection,  in  the 
part  devoted  to  Electricity,  you  may  see  shining  a  light  which 
is  produced  by  the  Alliance  French  Company,  where  a  number  of 
coils  are  caused  to  revolve  round  fixed  magnets  so  as  to  produce 
electric  currents,  and  these  currents  passing  between  charcoal 
points  give  an  intensely  brilliant  spark  of  light.  This  spark  is  used 
in  some  of  the  French  Lighthouses,  at  Cap  La  Haye,  for  instance, 
and  I  believe  at  some  other  parts  of  the  coast  also.  This 
then  is  one  of  the  applications  of  Faraday's  discoveries. 

But  time  forbids  that  I  should  go  further  into  these  matters, 
1  have  endeavoured  to  illustrate  the  fact  that  there  are  two  modes 
of  life  possible  to  such  a  man  as  the  one  we  are  now  considering : 
there  is  the  purely  intellectual  life  which  the  philosopher 
may  lead  in  his  study,  and  his  laboratory,  and  that  beautiful  life 
which  Michael  Faraday  did  actually  live,  a  life  fiill  of  love  for  all 
his  fellow-creatures,  attaching  everybody  to  him,  working  quietly, 
unostentatiously,  perseveringly,  living  an  honest  godly  life,  and  at 
the  same  time  producing  those  marvellous  results  that  won  for  him 
distinction  all  over  Europe,  and  started  a  great  number  of  lines  of 
thought  which  have  since  produced  some  of  the  most  wonderful 
discoveries  and  inventions  that  have  evei  benefited  mankind, 

TheCiLMKMAN  ;  Ladies  and  Gentlemen, —I  have  the  honour  in 
the  name  of  the  Lords  of  the  Committee  to  thank  Dr.  Gladstone 
for  his  most  interesting  lecture,  and  I  am  sure  you  will  join  with 
me  in  those  thanks  to  the  Lecturer  who  has  given  us  so  very 
charming  and  instructive  an  hour  and  twenty  minutes.  I  shall  be 
happy  to  report  to  the  Lords  of  the  Committee  that  we  have  been 
honoured  here  with  the  presence  of  a  very  large  and  most  attentive 
audience. 


ASTRONOMICAL  INSTRUMENTS. 
Bv  The  Rev.  R.  Main,  F.R.S. 


Juiy  lotli,  1876. 


Professor  Guthrie  in  the  ChaiS. 
Thk  Chairman  :  Ladies  and  Gentlemen, —  It  is  the  custom 
that  the  Lecturer  should  be  introduced  to  you,  and  therefore  I 
go  through  the  form  of  introducing  to  you  a  gentleman  who  ii 
infinitely  belter  known,  to  you  and  to  the  world  of  science  than  J  1 
am, — the  Rev,  R.  Main,  the  Director  of  the  Radcliffe  Obser- . 
vatory,  at  Oxford. 

The  Rev.  R.  Main  :  The  brilliant  discoveries  in  the  Physics  of 
Astronomy  which  have  been  recendy  so  prolific  have  perhaps 
thrown  rather  too  much  into  the  shade  that  older,  and  possibly 
on  the  whole  more  important,  portion  of  the  whole  science  called 
Practical  Astronomy. 

In  both  departments  the  workers  and  discoverers  have  been 
engaged  with  equal  industry  in  disentanghng  the  phenomena 
derived  from  laborious  and  constantly  repeated  observations  and  ' 
experiments ;  in  establishing  on  a  finn  basis  theories  derived  from 
the  facts  ;  and  in  finally  giving  to  the  world  the  results  of  their 
labotirs  in  a  form  adapted  for  popular  apprehension. 

In  both  departments  there  have  been  applied  the  same  cautious 
induction  of  particulars,  the  same  tests  for  the  development  of 
the  truth,  the  same  industry,  and  the  same  sagacity ;  and  the  dif- 
ference in  the  popularity  of  the  two,  is  due  rather  to  the  rapid 
and  brilliant  success  which  has  been  the  lot  of  the  physical 
inquiiets,  compared  with  the  slow  growth  of  Practical  Astronomy, 
which  has  required   centuries  of  continuous  observations  at:d 
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sev««  mathematica]  labours  before  the  great  results  could  be 
presented  in  a  shape  to  attract  the  public. 

I  have  thought  therefore  that  I  should  be  doing  some  little 
service  by  attempting  to  show  in  as  untechnical  a  way  as  the 
subject  admits  of,  the  nature  of  the  instruments  and  the  obser- 
vations by  which  the  great  triumphs  of  Practical  Astronomy,  as 
distinct  from  the  physics  of  astronomy,  have  been  attained ;  the 
subject  is  of  course  more  peculiarly  connected  with  ray  own 
office,  and  I  can  handle  it  with  greater  confidence ;  and  all  the 
apology  I  need  make  is  for  the  necessarily  dry  details  of  certain 
portions  of  the  subject,  which  will  perhaps  tax  your  patience 
rather  more  than  I  could  desire. 

As  the  subject  is  an  extensive  one,  it  will  not  be  worth  while 
to  consider  in  any  great  detail  the  instruments  and  methods  used 
by  the  ancients,  nor  even  those  used  throughout  Europe  in  the 
last  century,  as  all  the  very  great  improvements  which  have  made 
practical  astronomy  so  exact  a  science  have  taken  place  in  the 
present  century.  Bui  for  persons  unfamiliar  with  anything  but 
the  results  of  observations  in  their  popular  shape,  it  may  be 
desirable  to  slate  what  is  chiefly  required  in  every  method  of 
observation,  and  how  the  instruments  themselves  are  limited, 
and,  we  may  even  say,  in  their  essential  features,  designed,  by  the 
phenomena  of  the  heavens. 

Every  one  is  familiar  with  the  fact  of  the  earth's  rotation,  uni- 
formly from  West  to  East  in  a  definite  space  of  time,  which  ia 
used  as  the  unit  of  time  for  civil  and  astronomical  purposes.  The 
axis  on  which  it  turns,  which,  for  our  present  purpose,  we  may 
consider  to  be  always  parallel  to  itself  at  all  seasons  of  the  year, 
will  meet  when  produced  the  sphere  of  the  heavens  at  two  points, 
which  though  not  absolutely  fixed,  are  absolutely  determinable, 
and  must  be  found  by  observation.  These  two  points,  or  poles, 
then,  are  the  fundamentals  in  practical  astronomy ;  they  are  the 
fixed  (used  in  the  former  sense)  points  of  reference ;  and  from  them 
we  obtain  immediately  z.plane  of  reference,  namely,  the  equator,  or 
great  drcle  which  passes  through  the  earth's  centre  at  right  angles 
to  the  axis. 

Now  the  great  work  of  practical  astronomy  is  to  determine 
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T  celestial  objects  at  unlimited  distances,  such  as  the  stars,  their 
angular  distances  from  certain  planes  of  reference,  and,  for  the 
planets,  and  other  objects  whose  linear  distances  from  the  earth  are 
finite,  not  only  these  angular  distances  at  different  times,  but 
also  their  linear  distances  from  the  earth,  and  the  orbits  or  paths 
in  which  they  move. 

The  plane  of  the  equator,  therefore,  naturally  suggests  itself  as  a 
convenient  plane  of  reference  ;  and  if,  by  any  means,  instruments 
can  be  constructed  which  will  determine  the  angular  distance  of  each 
object  whose  position  is  required,  north  or  south  of  this  plane,  we 
shall  by  this  means  have  determined  one  element  of  its  position. 

Now,  naturally  the  most  direct  and  convenient  instrument  for 
this  determination  is  what  is  called  the  Equatorial,  which  in  its  sim- 
plest shape  consists  of  a  telescope  attached  either  immediately  or 
intermediately  to  a  rigid  axis,  which  is  paralled  to  the  earth's  axis 
of  rotation,  and  with  circles  attached  on  which  can  be  read  off  the 
angular  distance  of  the  observed  object  from  the  equator,  and  also 
the  angle  made  by  the  plane  of  a  great  circle  passing  through  the 
poles  and  the  object,  with  the  plane  of  the  meridian  or  second 
fundamental  plane  of  reference. 

The  meridian  plane  is,  in  fact,  the  vertical  plane,  corresponding 
to  the  observer's  position  on  the  earth's  surface,  which  passes 
through  the  zenith  (or  vertical  point)  and  the  poles. 

And  the  mention  of  the  plane  of  the  meridian  (which  has  not 
been  previously  defined),  will  immediately  lead  to  other  considera- 
tions, which  will  tend  to  show  that  the  equatorial,  admirable  and 
useful  as  it  has  proved  to  be  for  differential  measures,  is  not  ca- 
pable of  being  used  for  fundamental  determinations  requiring  abso- 
lute accuracy,  but  that  others,  named  meridian  instruments,  are  of 
necessity  employed  for  this  purpose. 

In  defining  the  meridian  plane,  we  had  occasion  to  mention 
the  zenith,  or  point  of  the  heavens  immediately  vertical  at  the 
place  of  observation,  and  this  evidently  introduces  the  considera- 
lion  of  gravity.  The  zenithal  line  is,  in  (act,  the  hne  perpendicular 
to  the  plane  of  standing  water  or  of  unruffled  mercury,  or  it  may 
be  defined  to  be  that  which  is  coincident  with  the  direction  of  the 

E lb-line,  that  ia,  of  a  line  stretched  by  a  weight  and  hanging 
: 
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Tbe  principle  tA  the  boriiontaSty  of  the  bb&oc  of  Aadt  ■ 
the  iniiieocc  of  gavity,  is  msde  lae  of  ia  two  vafs,  mradf— 

IM.  BftheiHeofwltttitcaDed  tbeqxn-Iml,  wlucfa  < 
of  a  gbM  tube  of  TCTf  Rmn  ovTUnre  vei7  DOKlr  filled  Mitfa  tnid, 
b«  luni^  %  void  qucc  or  bubble  in  the  conre,  nd  foni^d 
with  s  divided  icale  for  noting  the  danges  of  tbe  pffmwn  of  d 
tm  codt  of  the  bnbU^  cotrapooding  to  duagcs  in  Ibe  li 
tbe  Hoc  or  phnc  wfaoK  indtostioa  is  required: 

And  xoSiy,  by  tbc  we  of  merctny,  by  wbicfa  the  teflected  a 
as  wdl  a>  tbe  direct  image  of  an  object  viewed  through  a  telescope 
may  be  observed. 

The  use  <rf  plumb-lines  has  been  in  a  great  measore  discarded 
excepting  in  tbe  esse  of  certain  zenith  sectors  of  Dot  very  modem 


We  will  now  endeavour  to  show  how,  by  observaiions  made  in 
the  plane  of  the  meridian,  the  use  of  a  surJace  of  mercury  enables 
us  to  determine  thai  one  element  of  position  of  a  heavenly  body 
before  alluded  to  under  the  name  of  Polar  distance  or  declinatioo. 
To  do,  this  a  reference  to  a  figure  will  be  necessary. 
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Let  H  P  0  P',  Fig.  i,  represent  a  meridional  section  of  the 
sphere  of  the  heavens,  passing  through  (as  previously  explained) 
the  poles  P  and  P',  and  the  zenith  Z.  Then  the  circle  E  Q, 
seen  in  section,  at  right  angles  to  P  P",  will  be  the  equator ;  and 
finally  let  S  S',  denoted  by  a  dotted  circle,  represent  the  semi- 
diurnal course  of  a  star  or  other  object,  from  the  upper  meridian 
at  S  to  the  lower  meridian  beneath  the  pole  at  S'. 
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Then,  since  Z  is  the  zenith  of  the  place  of  observatioQ,  the  eardi 
being  supposed  spherical,  Z  Q  will  represent  its  latitude,  and  this 
will  plainly  be  equal  to  P  H,  or  the  altitude  of  the  jjole  at  the 
place — thence  we  get  this  imporUnt  runilainental  rule  that ; 

»The  altitude  of  the  pole  is  eqtml  to  Ike  laiitudc  of  the  place  oj 
ebserfalien. 
Also,  P  Z  is  the  complement  of  H  P,  that  is  90"— H  P,  and  is 
therefore  the  co-latitude  of  the  station. 

P  Z  then  will,  for  this  place,  be  a  constant  which  must  be  veiy  , 
accurately  detennined,  and  one  part  of  our  duty  will  be  to  show 
how  this  may  be  done. 

But,  premising  that  it  has  been  done,  and  also  assuming  that 
the  zenith  distance  of  an  object  S  can  be  determined,  then  it  is 
plain  that  P  Z  +  Z  S,  or  the  constant  co-latitude,  added  to  the 
zenith  distance  of  the  object,  will  give  P  S  the  Polar  distance,  or 
distance  from  the  pole- 

What  is  required  then  in  fixed  observatories,  as  one  of  the  fun- 
damental classes  of  observation,  is  to  determine  with  all  attainable 
accuracy  the  zenith  distances  of  all  objects,  and  we  will  proceed  to 
explain  the  means  by  which  this  has  been  effected.  Though  ap- 
parently a  simple  problem,  the  perfection  of  the  means  for  accom- 
plishing the  task  was  not  attained  except  by  slow  degrees  and  with 
a  great  deal  of  trouble. 

During  the  last  century,  and  indeed  from  the  time  of  Bradley, 
mural  quadrants  were  invariably  used,  though  nothing  could  have 
been  worse  in  principle  or  more  clumsy  or  inconvenient  in 
practice. 

Imagine  a  quadrantal  arc  of  8  feet  radius,  strongly  braced,  and 
furnished  with  a  telescope  rotating  on  an  upper  pivot  in  the  plane 
of  the  quadrant,  firmly  attached  to  the  eastern  wall  of  an  immense 
pier  in  the  middle  of  an  observing- room,  and  pointing  to  south 
stars,  and  a  similar  one  on  the  western  pier  pointing  to  north  stars. 
These  were  generally  of  excellent  workmanship,  and  Graham  and 
Bird,  the  most  celebrated  makers  of  the  day,  employed  all  their 
skill  on  those  ereaed  at  Greenwich  and  Oxford.  Yet  in  them- 
selves they  were  utterly  helpless,  and  incapable  of  determining 
vtiteit  zero-points  or  of  eliminating  by  any  method  of  observations 
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TbcAalwwjWMf  MailMlyne,daripg  thg»1»ofeofliMlonf  qjcer 
ai  Ciennodi,  Med  the  qwwhamt.  Ifaongji  it  is  bulpst  U  state  ihu 
be  bad,  ■ooKtunebelbrebisdeatli  in  iSit, recognized  ibcir defects 
■mf  «non,  aad  had  pvcn  tbcreqniniedirectioos  to  tbecetebrafied 
TroagtMOn  for  the  coDstntctioii  of  a  mural  drde.  lids  drdc  wu 
not  conpletcd  and  cftablmbed  at  Greenwich  till  the  jear  iSix^U 
which  time  Mr.  Pond  had  become  Astronomer  Royal  Its  tnHo- 
ducttOD  wa>  probably  the  greatest  revolution  and  improvonent 
that  wu  ever  effected,  and  it  was  due  in  a  great  measure  to  the 
;(cniiu  and  industry  of  the  astronomer  who  used  it  afterwards  with 
K  murh  dTect.  Mr.  Pond  had,  several  jears  before,  with  a  small 
circle  which  he  used  at  Westbury,  drawn  atteolion  to  the  errors  of 
the  Greenwich  quadrants,  and  had  given,  in  the  Philosophical 
TraniactionB  for  1806,  a  full  discussion  of  his  observations.  He 
wai  probably,  therefore,  the  only  man  in  England  at  that  time 
capable  of  bringing  to  perfection  the  use  of  the  new  circle,  of  en- 
countering the  difficulties  of  its  management  and  adjustments,  and 
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ol  meeting  successfully  the  opposition  which  its  introduction 
raised  amongst  astronomers,  who  had  been  habituated  to  the  use 
of  the  quadrants. 

Mr.  Pond's  mode  of  use  of  it  (which  continued  during  the  whole 
limeofhis  tenure  of  office),  was  singular  and  ingenious,  though  there 
is  a  trace  of  that  unnecessary  complexity  in  the  solution  of  a 
problem  which  to  us  appears  so  easy,  which,  I  suppose,  is  to  be 
observed  m  the  successive  advances  of  all  the  sciences.  In  1825 
another  circle,  which  it  was  intended  should  be  furnished  to  the 
observatory  at  the  Cape,  was  sent  to  Greenwich  to  be  examined 
and  verified  beforeitsdejjarture,  and  Mr.  Pood  conceived  a  scheme 
for  the  determination  of  the  zenith  |)oinl  by  the  use  of  the  two 
circles,  which  induced  him  to  ask  the  Ciovemment  for  permission 
to  retain  it.  This  was  granted,  and,  up  to  the  time  of  the  com- 
mencement of  the  present  Astronomer  Royal's  directorship,  both 
continued  in  use. 

Mention  has  been  made  of  the  various  ways  by  which  the  zero 
of  zenith  distance  can  be  determined,  but  it  may  be  now  men- 
tioned that,  on  the  introduction  of  the  mural  circle,  mercury  alone 
was  henceforward  employed. 

Imagine  a  trough  of  mercury  with  an  unruffled  surface  placed 
beneath  the  object  glass  of  the  telescope  in  such  a  position  as  to 
reflect  the  rays  coming  from  a  star  up  the  tube.  The  reflected 
image  of  the  star  will  then,  by  proper  arrangements,  be  observed, 
as  the  star  itself  would  have  been  by  direct  vision  ;  or,  a  reading 
of  the  drcle  will  be  obtained  for  a  point  of  the  meridian  whose 
angular  distance  below  the  horizon  is  precisely  equal  to  that  of 
the  star  itself  above  the  horizon.  If  now  by  any  means  the 
reading  of  the  circle  for  the  star  observed  by  direct  vision  could  be 
obtained,  the'halfsumofthe  two  readings  would  plainly  be  the  read- 
ingforthe  horizon  or  the  horizontal  point,  and,  if  90°  be  substracted, 
we  get  the  reading  for  the  zenith,  or  the  zenith  point.  It  was  the 
practice  then,  under  Mr.  Pond's  direction,  to  observe  on  one  even- 
ing a  certain  number  of  stars  by  direct  vision  with  one  instrument 
and  by  reflexion  with  the  other,  and,  on  the  following  evening,  to 
observe  the  same  stars  directly  with  both  instnmicnts,  so  as  to  get 
wry  accurately  the  difference  of  the  readings  of  the  two  instru- 
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meBa  fcr  tbe  MBc  aeaiik  Acmce,  ot  for  die.  ane 
Ah  dUseoc^  Ifaos  fc— f_  be  »Ti|ilii^j  ifacrcbre,  I 
fO&gB  of  dw  cndc  wliididid  not  obserre  ai  aU  by  i 
w  AaD  wriace  than  to  the  direct  "»rfiwg*  wiad  i 
bets  &NBMlfbr  Aoie  ofafccti  «Udi  wae  obfared  b^  ■ 
with  the  otbcT  dnie.  H^m«  the  2cai&  pomt  wmid  be  I 
'mtaeduttif  for  both  csdea  bj  the  method  vliidi  I  have  pce- 
viomlr  eqduBed.  Now  eray  one  here  woold  probably  be  io- 
cfiaed  to  taj  (what  a  pafEcdjr  tine)  that  this  use  of  two 
fiifin  't™t<'  vtxj  lagaiioaK  was  ^VT  tnnblesonie  »*mI  conudc^ 
su  kit  great  loora  for  mipioTOpeQl. 

Aiid  the  traprorenieot  ouoe  from  the  source  from  which  it 
on^it  naturally  to  have  come,  oaio^,  frocn  the  illustrious  successor 
to  Mr.  Pood  at  Greoiwidi,  the  present  AstrooomeT  RojraJ, 
while  be  was  director  of  die  Obserntoiy  at  Cambridge.  He 
■aw  clearly  that  there  was  do  real  duSculty  in  making  the 
douUe  obserration  (that  is  by  direct  vision,  and  also  by  reflex- 
ion)  at  the  same  tnmsit  of  a  star  with  a  single  instrumenL 

The  only  difference  would  be,  that  the  reflexion-obserration 
must  be  made  at  one  of  the  side  wires,  preceding  the  transit 
across  the  meridian,  and  the  direct  observation  about  a  minute 
afterwards,  at  one  of  the  other  side  wires  after  the  transit.  And 
this  would  involve  irifling  corrections  for  the  cur%-3ture  of  the 
apparent  path  of  the  star  across  the  field,  which,  excepting  at  the 
equator,  would  not  be  a  great  circle. 

Thi»  method,  then,  devised  by  Sir  G.  B.  Airy,  has  been 
generally  pursued  ever  since  his  assuming  the  directorship  of 
Greenwich,  though,  as  the  observation  of  an  adequate  number  of 
liars  by  reflexion  is  laborious,  I  am  not  certain  whether  at  some 
of  the  continental  observatories  it  is  pursued  with  so  much 
rigour  as  it  ought  to  be. 

From  niy  own  practice,  I  feel  convinced  that  observations 
of  stars  by  reflexion  are  generally  indispensable,  and  that,  if  the 
zenith  point  be  obtained  (as  is  done  in  some  instances)  solely  by 
observation  of  the  reflected  image  of  the  wire,  certain  errors 
of  considerable  importance  might  escape  notice. 

With  respect  to  this  1  ought  to  explain  that  "  the  reflected 
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'  image  of  the  wire "  has  reference  to  an  ingenious  way  of 
making  the  telescope  its  own  collimator ;  that  is  of  seeing  through 
it  the  reflected  image  of  the  wireas  well  as  the  wire  itself,  by 
means  of  an  eyepiece  called  from  its  inventors  "  Bohnenberger's 
Eyepiece."  Placing,  by  means  of  the  declination -micrometer, 
these  images  in  contact  with  each  other  and  reading  off,  one  gets 
a  reading  of  the  circle,  in  fact,  for  the  vertical  Ime  or  for  the  nadir ; 
and,  of  course,  by  subtracting  180°  from  this,  there  is  obtained 
the  reading  for  the  zenith,  or  the  zenith-point. 

If  the  circle  were  perfect,  if  it  had  no  flexure,  if  we  were  quite 
certain  that  one  part  of  it  would  give  just  the  same  results 
I  as  another  part,  this  method  would  be  perfect ;  but  that  is  not  so. 
In  my  own  case,  I  was  puzzled  for  some  time  after  taking 
[  possession  of  the  Carrington  transit  circle,  formerly  used  with  so 
t  much  effect  by  Mr.  Carrington,  and  which  is  made,  I  may  say, 
I  ecactly  after  the  model  of  the  great  transit  circle  at  Greenwich  ; — 
I  was  puzzled,  I  say,  by  finding  that  there  was  a  constant 
difference  between  the  seconds  of  the  zeuith  point,  as  got  by  the 
reflected  image  of  the  wire,  and  that  obtained  by  stars.  It  was 
not  badness  of  oh  sensation,  nor  anything  which  could  be 
eliminated  ;  it  was  as  neatly  possible  i^*,  and  it  has  continued 
ever  since.  At  first  it  gave  me  some  trouble  until  I  studied  the 
theory  of  it,  and  then  1  came  to  the  conclusion  that  the  circle 
had  been  made  not  quite  solid  and  firm  enoagh  and  that  there 
was  a  alight  quantity  of  flexure  ;  and  any  flexure  in  the  circle 
will  introduce  a  term  for  correction  dependent  on  the  cosine  ol 
the  Eenith  distance.  Assuming  that  I  have  been  able  to  eliminate 
this  correction,  I  believe  the  observations  reduced  by  me  are 
on  the  whole  as  accurate  as  those  made  at  most  other  observa- 
tories ;  and  for  that  reason  I  have  taken  great  pains  with  such 
nice  points  as  that  which  is  called  the  R.  D.  correction,  that  is, 
the  difl'erence  which  exists  after  all  pains  taken  between  the 
final  results  of  the  reflexion  and  the  direct  observations.  They 
ought  to  agree,  but  they  never  will  agree  in  any  final  catalogue. 
But  by  means  of  applying  a  correction  at  an  earlier  stage  of 
the  work,  1  have  been  able  to  get  rid  of  the  discrepancy  almost  en- 

Kly,  and  there  is  no  diflference  worth  taking  inio  a 
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results  of  the  observarions  at  the  end.  The  means  of  the  direct 
obser\'ations  agree  admirably  well  with  the  means  of  the  reflexion 
observations. 

Mention  of  the  last  great  improvement  which  has  been  made 
more  recently,  by  the  substitution  of  the  transit  circle  for  the 
mural-circle,  must  be  defeired  till  an  account  has  been  given  of  the 
construction  and  use  of  the  other  fundamental  instrument  for 
getting  the  elements  of  the  position  of  an  object.  But  by  refer- 
ence again  to  Fig.  i  it  will  be  seen  now,  we  hope  quite  dis- 
tinctly, how  the  meridional  zenith  distances,  and  ultimately  the 
North  Polar  distances,  are  obtained  at  fixed  observatories. 

Referring  to  the  figure,  it  will  be  easily  understood  that  the 
reading  of  the  circle  for  an  object  in  the  zenith  (that  is,  the  zenith 
point),  can  be  obtained  by  a  suiBcient  number  of  suitably  made 
reflexion-observations  and  direct  observations  at  the  same 
transit,  that  is,  the  zero  point  or  index  correction  for  the  zenith, 
can  be  found  with  all  desirable  accuracy.  Hence,  for  an  object  S 
on  the  meridian,  its  zenith  distance  will  be  immediately  given  by 
the  subtraction  of  the  zenith  point  from  the  circle  reading  ;  and, 
in  a  similar  manner,  the  apparent  zenith  distances  of  all  other 
objects  will  be  found.  These,  of  course,  all  require  correctioQ 
for  refraction,  that  is,  for  the  bending  of  the  rays  of  light  down- 
wards in  their  passage  through  the  layers  of  our  atmosphere,  and 
at  this  stage  come  jn  theory  and  calculadon.  The  instrument  has 
done  its  work,  in  giving  the  apparent  zenith  distances,  and  all  the 
rest  is  labour  for  the  computing  room.. 

But,  assuming  the  corrections  for  refraction,  into  which  subject 
we  cannot  enter  now,  it  will  be  easy  to  show  how  the  co-latitude, 
or  arc  Z  P,  peculiar  to  each  separate  observatory,  is  obtained 
fundamentally.  Of  course,  if  a  provisional  result  only  were 
wanted,  it  would  be  easily  obtained  by  comparing  the  true  zenith 
distances  deduced  from  observation  with  the  tabular  N.  P.  D's 
of  certain  of  the  fundamental  stars,  which  are  given  in  the 
Nautical  Almanac  with  almost  absolute  accuracy. 

For  instance,  the  arc  P  Z  which  is  the  co-latitude,  is  the 
difference  between  P  S  the  North  Polar  distance,  and  Z  S  the 
zenith  distance,  and,  if  the  object  at  S  be  one  of  the  fundamental 
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stars,  as  Capella,  a  Ononis,  or  a  Aquilae,  whose  tabular  places 
can  be  scarcely  improved,  ihe  co-latitude  will  be  obtained  immedi- 
ately by  the  comparison. 

But  every  observatory  is  required  to  determine  its  latitude  and 
also  its  longitude  fundamentally  by  means  of  its  own  observatioas, 
just  as  if  no  previous  observations  existed  of  any  of  the  stars 
employed. 

An  easy  means  of  determining  the  co-latitude  is  by  observations 
of  the  polar  star  (Polaris),  or  some  other  circumpolar  star  near 
the  pole,  at  its  upper  and  also  at  its  lower  transit.  Thus,  let  S  S' 
be  the  small  circle  described  by  Polaris,  coming  to  the  upper 
meridian  above  the  [jole  at  S  and  to  the  lower  meridian  at  S' 
Then  it  is  plain  that  the  apparent  zenith  distances  7,  S  and  Z  S'. 
can  be  determined  by  the  methods  before  explained,  and,  after 
they  have  been  corrected  for  refraction,  their  half  sum  will  be 
Z  P,  or  the  colatitude,  because,  as  the  star  describes  a  small 
circle  round  the  pole,  P  S  will  be  equal  to  P  S'.  By  repeating, 
therefore,  observations  of  thii  character  at  every  favourable 
opportunity,  and  taking  care  that  there  shall  be  tolerable  equality 
between  the  number  of  observations  above  and  below  the  pole, 
a  very  accurate  result  can  be  obtained  for  the  colatitude  in  one 
single  year.  It  should  at  the  same  time  be  noted  that  the 
colatitude  depends,  when  we  come  to  minute  accuracy,  on  the 
constant  of  refraction  used  in  the  reduction  of  the  observations  ; 
and,  as  an  instance,  we  may  refer  to  the  recently  published 
volumes  of  the  Greenwich  Observations,  where  it  will  be  seen  that 
a  very  small  change  in  the  refractions  employed  has  been 
followed  by  a  perceptible  apparent  change  In  the  co-latitude. 

Enough  has  probably  now  been  said  to  make  any  intelligent 
person,  without  further  knowledge  of  astronomy  than  that 
which  is  given  in  the  course  of  an  ordinary  education,  to  under- 
stand how,  in  a  fixed  observatorj-,  one  element  of  the  position  of 
an  object,  namely,  its  north  polar  distance  (when  referred  to  the 
pole),  or  its  declination  (when  referred  to  the  equator)  is  obtained. 
But  this  is  not  sufficient.  To  determine  the  position  of  a 
point  on  a  plane  surface,  two  co-ordinates,  as  they  are  called,  are 
required.     Two  lines  of  known  position  (usually  at  right  angles 


IS4 


ASTRONOMICAL   INSTRUMENTS. 


to  each  other)  are  taken,  and  the  position  of  the  point  is  defined 
with  respect  to  these  lines,  which  are  called  the  axes  of  co-ordi- 
nates. Let  A  0  B  and  CO  D  {Fig.  ?1  represent  these  lines  or 
axes,  then,  if  we  know  the  distance  of  the  point  P  from  each  of 
these  axes,  it  is  plain  that  we  could  find  or  lay  down  its  posi- 
tion by  measuring  off  along  the  axes  those  disUnces,  and  drawing 
parallels  to  them,  whose  point  of  intersection  would  plainly  be  the 
position  of  the  point  required. 


O  B 
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In  geography  and  astronomy  the  problem  is  of  a  similar 
nature.  In  geography,  for  example,  the  position  of  a  place  on 
the  surface  of  the  earth,  assumed  spherical,  is  defined  by  its 
latitude,  or  angular  distance  above  or  below  the  equator,  and  by 
its  longitude,  or  its  angular  distance  along  the  equator,  measured 
from  an  arbitrary  fixed  point. 

Similar  elements  are  used  in  astronomy  ;  the  declination  of 
an  object  evidently  corresponds  to  terrestrial  latitude,  if  we  sub- 
stitute the  sphere  of  the  heavens  for  the  spherical  surface  of  the 
eaidi,  and  the  other  element  (called  right  ascension)  similarly 
denotes  the  angular  distance  of  the  object  from  a  determinable 
fixed  point  on  the  equator. 

Thus,  in  Figure  3,  E  M  is  a  projection  of  the  plane  of  the 
equator  on  the  celestial  sphere,  S  the  position  of  an  object 
referred  to  the  equator  by  the  arc  of  great  circIeSM,  perpendicular 
to  E  M.  Then  S  M  is  the  declination  and  E  M,  measured  from 
some  point  is  the  right  ascension ;  and  we  have  now  to  consider 
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how   E  M    is   [o    be    determined    by   observations,  and  what 
I  point  must  be  taken  as  the  origin  of  ro-ordinates. 


01  course  it  is  necessary  that  the  point  E  from  which  we 
neasure  should  be  determinable  by  observation,  and  that  it  should 
be  in  common  use  by  all  astronomers ;  otherwise  catalogues  of 
the  places  of  stars,  or  right  ascensions  of  other  objects,  would  not 
be  easily  comparable  with  each  other. 

Now  such  a  point  happily  exists.  I  dare  say  all  of  you 
know  that  the  earth  moves  in  a  plane  orbit  round  the  sun,  or 
that  the  sun  apparently  moves  in  a  plane  orbit  round  the  earth, 
called  the  ecliptic  And  as  the  earth  is  taken  as  the  centre  of 
our  visible  sphere,  the  sun  will  appear  to  describe  a  great  circle 
in  the  heavens,  cutting  the  projection  of  the  equator  on  the  sphere 
of  the  heavens  at  two  points  diametrally  opposite  to  each  other, 
called  the  vernal  and  autumnal  equinoxes.  The  point  of  in- 
tersection corresponding  to  the  vernal  equinox  is  taken  as  the 
point  from  which  we  measure  right  ascensions.  If  this  point  were 
absolutely  fixed,  astonomers  would  be  spared  a  good  deal  of 
labour  ;  but  it  is  not  so. 

It  moves  backwards  on  the  plane  of  the  ecliptic,  on  account  of 
the  disturbances  produced  by  the  sun  and  moon  on  the  protube- 
rant matter  of  the  earth's  equator,  by  about  50'  in  a  year.  As,  how- 
ever, its  motion  is  accurately  known  by  theory,  the  point  is  sup- 
posed to  be  actuilly  fixed,  and  the  calculated  corrections  are 
apjilied  to  the  places  of  the  stars  in  the  opposite  direction. 

The  great  advantage  of  the  equinox  as  a  point  of  reference  is 
that  its  position  depends  on  the  sun's  apparent  motion,  and 
can  be  determined  with  very  great  accuracy. 

It  will  be  necessary  to  explain  how  this  is  done,  but  it  will  be 
^^  better  first  to  describe  the  instrument  with  which  right  ascensions 
^^Lire  observed,  that  is,  the  transit  instrument. 
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The  prinutple  involved  in  this  instrument  may  be  understood 
from  very  simple  considerations. 

Imagine  the  meridian,  that  is,  the  vertical  plane  passing  through 
the  poles,  or  the  north  and  south  vertical  plane,  to  be  represented 
by  something  material,  such  as  a  wall,  and  imagine  great  circles  of 
the  sphere,  meridians,  in  fact,  to  be  drawn  through  the  poles  and 
to  pass  across  certain  stars  whose  right  ascensions  are  required,  and 
therefore  cutting  the  equator  at  corresponding  points.  Then  by 
means  of  the  earth's  uniform  rotation,  these  stars  would  evidently 
be  brought  into  the  plane  of  the  meridian,  at  intervals  of  time  pro- 
portional to  the  portions  of  the  etjuator  intersected  by  the  great 
circles  corresponding  to  them;  and  if  a  person  were  to  watch  the 
time  at  whidi  any  one  of  the  stars  appeared  to  be  in  the  meridian 
plane,  or  to  be  eclipsed  by  the  wall  representing  it,  and  adjust  his 
watch  so  that  its  index  should  pass  over  exactly  twenty-four  hours 
between  this  transit  of  the  star  and  that  on  the  next  day,  then  the 
differences  of  the  watch-times  for  the  transits  of  the  other  stars 
would  give  the  diiferences  of  their  right  ascensions,  and  the  watch 
would  be  adjusted  to  what  is  called  sidereal  time. 

This  of  course  would  be  a  very  rough  kind  of  observarion,  but 
the  transit  instrument  really  enables  us  to  make  the  same  kind  of 
observation  in  a  more  refined  and  accurate  way. 

Instead  of  the  material  plane  which  i  have  supposed,  let  us 
imagine  a  telescope  whose  optical  axis  or  line  of  sight  should  by 
revolution  round  an  axis  at  right  angles  to  it  always  describe  or 
sweep  out  this  plane  which  I  have  imagined.  It  is  clear  that  the 
same  would  hold  good,  and  that  the  watch-limes  at  which  stars 
would  arrive  at  the  wire  or  mark  in  its  field  of  view  which  indi- 
cates the  line  of  vision,  would  give  the  differences  of  the  righi 
ascensions  of  the  stars  ;  and  the  conditions  of  the  problem  will 
immediately  tell  us  in  what  way  this  telescope  is  to  be  mounted, 
and  what  is  the  nature  of  the  adjustments  required. 

For  first,  it  is,  by  revolving  round  an  axis,  to  enable  its  line  of 
sight  to  describe  a  vertical  plane  j  and  therefore  this  axis,  that  is, 
the  imaginary  line  joining  the  two  pivots  on  which  it  turns,  must 
be  horizontal. 

Secondly,  it  is  to  describe  t/ial  vertical  plane  which  is  the  meri- 
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^^bian,  or  north  and  south  plane,  and  therefore  the  direction  of  its 
^Hkis  must  be  exactiy  east  and  west. 

^■t    And,  finally,  its  Hoe  of  vision,  or  the  direction  of  coliiraation,  as 
^^t  is  called,  must  describe  a  great  circle,  and,  therefore,  this  line 
must  be  at  right  angles  to  the  axis  of  rotation. 

These  then  are  the  three  adjustments  required  ;  the  first  for  level 
of  the  axis  ;  the  second  for  azimuth ;  and  the  third  for  collimatioo ; 
though  the  last,  namely,  that  for  collimatioD,  which  is  merely  me- 
chanical, is  generaly  considered  first. 

It  will  not  be  necessary  to  go  into  any  great  detail  to  explain  to 

rou  how  these  adjustments  are  performed,  as  1  am  aiming  in  the 

lole  of  this  lecture  to  explain  only  the  principles  on  which  the 

lole  science  of  practical  astronomy  rests,  and  these  are  best  seen 

e  there  is  but  little  complexity  to  distract  the  attention. 
Still  it  is  necessary  to  say  a  Ultle  more  about  the  general  con- 
rucdon  of  the  transit  instrument  and  the  way  in  which  it  is  fitted 
RbPi  that  every  one  who  is  not  either  a  professional  or  an  amateur 
ronomer  may  have  distinct  notions  about  it. 
First,  then  the  telescope  {whose  tube  is.  made  very  stiff  and 
rong,  especially  at  the  centre  where  it  has  to  carry  the  axis  of  ro- 
"tation  with  its  cylindrically  ground  and  polished  pivots),  is  sup- 
ported on  two  massive  stone  piers  built  up  from  a  foundation  of 
hard  gravel,  or,  in  defect  of  that,  a  bed  of  concrete  laid  on  the 
natural  foundation,  and  (he  pivots  themselves  are  held  in  what 
arc  called  brass  Y's,  from  their  resemblance  in  shape  to  ihnt 
letter. 

kThen  across  the  tube  of  the  telescope,  in  its  principal  focus, 
there  is  placed  a  metallic  frame,  across  which  are  stretched  a  series 
f)f  very  fine  material  lines  (technically  called  wires)  composed  of 
q>ider's  web.  Of  these  one  (or  two  sometimes)  is  placed 
horizontal  to  mark  the  part  of  the  field  at  which  the  star  should 
be  placed  for  observation,  and  all  the  rest  as  nearly  as  possible 
vertical,  as  over  these  the  times  of  transit  of  the  star  are  to  be 
observed. 

The  number  of  transit-wires,  placed  as  nearly  as  possible  at 
equal  distances,  is  usually  five  or  seven,  but  always  an  odd  number, 
1 4f  which  the  centre  wire  is  intended  to  mark  approximately  the  line 
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ofcoQinoation,  that  is,  the  line  which  is  to  be  in  all  positions  of  the 
telescope  at  right  angles  to  the  axis  of  rotation  ;  and  transits  are 
generally  taken  over  all  the  wires  to  secure  greater  accuracy,  and 
the  mean  taken,  the  difference  between  the  transit  over  the  mean 
of  wires  and  over  the  central  wire  being  always  small  and  easily 
calcolable. 

The  first  adjustment  or  correction  required  is  for  the  positioa  of 
the  central  wire,  or,  as  il  is  technically  called,  for  the  error  of 
collimation.  This  wire  should  be  so  placed  that  the  vertical  plane 
passing  through  the  optical  centre  of  the  object  glass  at  right 
angles  to  the  axis  of  rotation,  should  pass  through  it.  If  it  does 
not,  the  line  of  collimation,  that  is  the  line  joining  a  point  in  this 
wire  and  the  optical  centre  will  describe  a  jwW/ circle  either  to  the 
east  or  west  of  its  required  position.  Il  is  usual,  for  the  purpose 
of  measuring  this  delation,  to  attach  a  micrometer  to  the  eyepiece 
with  a  wire  moving  parallel  to  the  transit  wires  and  in  their  plane, 
and  to  observe  in  reversed  positions  of  the  axis  of  rotation  either  • 
a  distant  mark,  or  the  cross  in  the  focus  of  a  collimating  telescope 
which  is  visible  in  the  field  of  view  of  the  transit  telescope.  II  the 
wire  require  no  correction  the  angular  distance  of  the  object 
observed  from  it  will  be  the  same  in  both  positions  ;  but  if,  as  is 
generally  the  case,  the  distances  are  not  the  same,  half  the  differ- 
ence will  give  the  value  of  the  error  of  collimation,  and  a  numerical 
correction,  easily  computed,  is  applied  to  all  the  transits,  to  take 
account  of  the  error. 

The  line  of  collimation  or  line  of  sight  of  the"  telescope  now 
describes  a  great  circle  in  the  heavens,  but  not  necessarily  a  ■ 
vertical  circle.  That  this  condition  should  be  fulfilled,  it  is 
necessary  that  the  line  joining  the  centres  of  the  pivots  should  be 
horizontal,  and  that  the  pivots  should  be  perfectly  cylindrical  and 
perfectly  equal.  To  test  this,  an  apparatus  is  applied  called  llie 
spirit-level.  It  would  occupy  us  too  long  to  describe  this  instru- 
ment minutely,  and  perhaps  enough  has  been  said  in  a  former  part 
of  this  lecture  to  explain  the  principle  of  its  construction.  It  may 
be  said,  however,  that  levels  are  of  two  kinds,  striding  and  hanging 
levels,  the  first  being  placed  above  the  axis,  with  Y's  adapted  for 
attachment  to  the  pivots,  and  the  second  being  below  with 
the  Y's  hanging  on  the  pivots  above. 


e  error  of  level,  found  with  this  instrument,  being  corrected, 
or  allowed  for  uunterically,  the  line  of  collimation  of  the  telescope 
will  now  pass  through  the  zenith,  thai  is,  it  will  describe  a  vertical 
great  circle,  cutting  ihe  meridian  at  the  zenith  but  not  necessarily 
coinciding  with  it.  That  this  should  be  the  case  it  is  necessary 
that  the  horizontal  line  joining  the  centres  of  the  pivots  should  be 
exactly  east  and  west.  To  determine  the  error  arising  from  want 
of  coincidence  with  the  meridian,  or  the  azimuthal  error  as  it  is 
called,  recourse  must  be  had  to  observations  of  circumpolar  stars, 
Polaris,  as  every  one  knows,  being  the  most  important. 

Imagine  that  the  transit  of  Polaris,  across  the  central  wire,  can 
be  observed  at  both  the  upper  and  the  lower  passage,  that  is,  both 
above  and  below  the  pole.     Then  if  the  central  wire  coincide  with 
the  meridian  (no  collimation  or  level  error  existing),  the  interval 
in  time  both  between  the  upper  and  the  lower  transit,  and  between 
the  succeeding  lower  and  upper  transit,  ought  to  be  exactly  twelve 
hours.    11^  as  is  usually  the  case,  the  intervals  should  be  unequal, 
the  north  side  of  the  plane  of  colUmation  deviates  to  the  east  or 
west  of  the  meridian : — to  the  west,  if  the  interval  from  upper  to 
lower  transit   be  smaller  than  the  succeeding  interval,  and  vice 
rersd.     The  difference,  however,  gives  means  for  calculating  the 
numerical  amount  of  the  errors.     Double  transit  of  Polaris,  or  of 
other  circumpolar  stars  {which  latter  are  really  and  with  difficulty 
obtained,   as    one    transit  must  ocair  in  the    daylight)  are  ex- 
ceedingly valuable,  because  they  not  only  determine  the  position 
of  the  instrument  fundamentally,  but  also  the  right  ascension  of 
^^        Polaris,  or  other  stars  observed.     But  in  defect  of  this,  it  is  usual 
^K       lo  employ  another  circumpolar  star,  differing  from  the  hrst  nearly 
^H       13''  in  right  ascension,  whose  position  is  well  known,   and    to 
^^     compare  the  right  ascensions  with  the  times  of  transit,  by  which 
means  the  error  of  azimuth  can  be  determined.     1  will  not  spend 
more  time  on  the  construction  and  use  of  the  transit  instrument, 
as  it  would  not  be  of  any  practical  value  to  {persons  familiar  with 
^B      it,  who  may  happen  lo  hear  me,  and  for  others  1  wish  only  that 
^^^    4he  general  principle  of  its  mode  of  use  should  be  understood. 
^^H         Let  this  only  be  distinctly  kept  in  mind,  that  there  is  used  in 
^H     connexion  with  it  a  clock,  whose  hour  hand  completes  its  entire 
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of  collimation.  that  is,  the  line  which  is  to  be  in  all  positions  of  the 
telescope  at  right  angles  to  the  axis  of  rotation  ;  and  transits  are 
generally  taken  over  ail  the  wires  to  secure  greater  accuracy,  and 
the  mean  taken,  the  difference  between  the  transit  over  the  mean 
of  wires  and  over  the  central  wire  being  always  small  and  easily 
calculable. 

The  first  adjustment  or  correction  required  is  for  the  position  of 
the  central  wire,  or,  as  it  is  technically  called,  for  the  error  of 
collimation.  This  wire  should  be  so  placed  that  the  vertical  plane 
passing  through  the  optical  centre  of  the  object  glass  at  r^ht 
angles  to  the  axis  of  rotation,  should  pass  through  it.  If  it  does 
not,  the  line  of  collimation,  that  is  the  line  joining  a  point  in  this 
wire  and  the  optical  centre  will  describe  a  jota// circle  either  to  the 
east  or  west  of  its  required  position.  It  is  usual,  for  the  purpose 
of  measuring  this  deviation,  to  attach  a  micrometer  to  the  eyepiece 
with  a  ivire  moving  parallel  to  the  transit  wires  and  in  their  plane, 
and  to  observe  in  reversed  positions  of  the  axis  of  rotation  either 
a  distant  mark,  or  the  cross  in  the  focus  of  a  collimating  telescope 
which  is  visible  in  the  field  of  view  of  the  transit  telescope.  If  the 
wire  require  no  correction  the  angular  distance  of  the  object 
observed  from  it  wilt  be  the  same  in  both  positions  ;  but  if,  as  is 
generally  the  case,  the  distances  are  not  the  same,  half  the  differ- 
ence will  give  the  value  of  the  error  of  collimation,  and  a  numerical 
correction,  easily  computed,  is  applied  to  all  the  transits,  to  take 
account  of  the  error. 

The  line  of  collimation  or  line  of  sight  of  the'  telescope  now 
describes  a  great  circle  in  the  heavens,  but  not  necessarily  a 
vertical  circle.  That  this  condition  should  be  fulfilled,  it  is 
necessary  that  the  line  joining  the  centres  of  the  pivots  should  be 
horizontal,  and  that  the  pivots  should  be  perfectly  cylindrical  and 
perfectly  equal.  To  test  this,  an  apparatus  is  applied  called  the 
spirit-level.  It  would  occupy  us  too  long  to  describe  this  instru- 
ment minutely,  and  perhaps  enough  has  been  said  in  a  former  port 
of  this  lecture  to  explain  the  principle  of  its  construction.  It  may 
be  said,  however,  that  levels  are  of  two  kinds,  striding  and  hanging 
levels,  the  first  being  placed  above  the  axis,  with  Y's  adapted  for 
attachment  to  the  pivots,  and  the  second  being  below  with 
the  Y's  hanging  on  the  pivots  above. 
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circuit,  thai  is,  twenty-four  hours,  exactly  in  the  interval  of  time 
during  which  a  star  after  crossing  the  meridian  returns  to  it 
again  ;  and  that  the  zero  of  computation  of  sidereal  time  is  the  in- 
stant of  transit  of  the  point  of  the  vernal  equinox,  or,  as  it  is  called, 
of  the  First  Point  of  Aries. 

The  most  interesting  consideration  for  us  now,  will  be  of  the 
means  for  the  determination  of  the  position  of  this  point. 

Imagine  ourselves  to  be  in  the  situation  of  Maskelyne,  the 
Astronomer  Royal,  who  had  every  thing  pretty  nearly  to 
determine  for  himself.  There  were  no  catalogues  of  the  places  of 
fundamental  stars  to  refer  to,  no  Table  of  Corrections  for  the 
various  inequalities  in  the  apparent  motions  of  the  stars;  he  had 
simply  the  book  of  the  Heavens  spread  open  before  him,  and 
a  transit  instrument  (not  too  good)  and  a  mural  quadrant, 
wherewith  to  read  it  or  observe  it. 

As  the  position  of  the  invisible  but  determinable  zero  of  right 
ascensions  (namely,  the  First  Point  of  Aries),  had  still  to  be 
found,  it  was  necessary  to  choose  provisionally  some  other  point 
of  reference,  and,  of  course,  a  fixed  star  easily  suggested  itself, 
a  Aquilse  was  the  star  chosen  by  Maskelyne,  and  his  Ledgers 
of  R.  A.  of  the  stars  observed  by  him  (which  1  edited  while 
at  Greenwich)  contain  for  the  first  year,  1765,  the  right  ascen- 
sions of  all  the  rest  compared  with  this  star,  that  is,  they  were 
simply  differences  of  R.  A.  Afterwards  he  useii  a  provisional  R.  A. 
of  a.  AquilK  deduced  from  the  obserrations  of  1765.  Then, 
for  the  determination  of  the  equinox  or  zero  of  right  ascension, 
as  this  plainly  depends  on  the  solar  motion,  observations  of  the 
sun  both  in  R.  A.  and  N.  P.  D.  were  made,  especially  about  the 
time  of  the  two  equinoxes,  as  also  at  the  two  solstices  for 
determination  of  the  obliquity  of  the  ecliptic 

Imagine  now  that  the  sun  was  observed  in  both  elements  on  the 
day  preceding  and  the  day  following  the  autumnal  equinox ; 
then  on  the  preceding  day  his  declination  would  be  at  noon  a 
few  minutes  north,  and  on  the  following  day  a  few  minutes  south 
of  the  equator.  The  figure  No.  4  will  represent  this  state  of 
things,  when  S  and  S'  represent  the  successive  positions  of 
the  sun  in  the  ecliptic,  referred  to  the  equator  at  M  and  M' 
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^^ff'by  ihe  perpendicular  arcs  SM  and  S'M';  hence  the  arc  M M'  will 
represent  in  arc  the  observed  difference  of  R.  A.  corresponding  to 
the  observed  declinations  SM,  S'M'.  In  the  small  triangles 
SYM  and  S'YM'  considered  as  plane,  these  are  given  quantities, 

»and  the  obliquity  or  angle  SYS'  is  also  known,  having  been 
determined  by  solstitial  observations  continued  from  the  times  of 
the  ancient  astroDoiners. 
Hence  it  would  be  easy  to  compute  the  value  of  tlie  arcs  Y  M 
and  YM',  the  former  of  which  subtracted  from  i8o"  is  the  sun's 
R.  k.  in  arc,  on  the  preceding  day,  and  the  latter  added  to  i8o°  is 
the  R.  A.  on  the  day  following. 


:  this  then  with   the   assumed   R.  A.   of  the  sun 

I  depending  on  the  assumed  R.  A.  of  a  Aquilie,  we  obtain  the  error 

I  of  the  assumption ;  and  this,  when  ajiplietl  as  a  correction  to 

«II  the  stars,  would  give   their  apparent    R.  A.   referred  to  the 

apparent  equinox  of  the  day  of  observation. 

This  process  was  repeated  at  the  vernal  equinox,  and  thence  a 

curious   fact   became  evident,  namely,    that  the    R.A.   of  stars 

determined  at  tlie  two  equinoxes  never  agreed  accurately.     The 

reason  of  this  atonce  became  evident,  and  ii  depended  chiefly  on  the 

defects  of  the  tables  of  refraction  which  were  employed  in  reducing 

I    Ihc  N.  P.  D  observations  of  the  sun.     In  the  preceding  portion  of 

I  this  lecture  enough   has  been  said   to    make   this  intelligible. 

[  The  element  which  is  observed  is  the  apparent  zenith  distance  of 

I  the  object,  and  this  has  to  be  reduced  lo  true  zenith  distance  by 

I  an  assumed  value  of  the  constant  of  refraction,  and  an  assumed 

I  theory  of  the  law  of  refraction.    And  this  same  difficulty  occurs 

1  ID  the  reduction  of  the  observation  of  ciroimpolar  stars  employed 

I  for  determining  the  latitude,  which  itself  depends  therefore  on  the 

I  refractions.      But    the    method    I   am    describing   corrects    the 

[  equinox  not  only  for  the  effects  of  erroneous  refraction,  but  for 


r 
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But  at  die  venul  equinox,  when  the  sun  is  asceoding  instead  of 
deacending,  tfae  arc  Y  M'  will  plainly  be  by  the  same  quantity  too 
laige,  and  consequently  the  mean  of  the  errors  of  assumed  R.  A 
observed  at  the  two  equinoxes  will  give  the  ^-alue  required 
tDdependently  of  the  error  of  the  refraciton-ubles. 

This  was  the  method  pursued  by  Maskelyne  in  the  fortoatioD 
of  a  fundamental  catalogue  of  standard  stare,  but,  of  course,  in  more 
recent  times,  more  scientific  methods  have  been  used  (all  however 
being  based  on  the  same  principle),  by  which  all  the  observations 
of  the  sun  made  in  the  course  of  the  year  can  be  made  available. 
By  this  means  having  obtained  a  correction  for  the  assumed  zero 
or,  to  speak  in  mathematical  langu^e,  origin  of  co-ordinales  for 
right  ascension,  the  apparent  places  of  all  the  stars  observed 
are  obtained  by  means  of  their  times  of  transit  across  the  ¥,-ires 
of  the  transit  instrument,  presuming  that  the  clock  keeps  accurate 
sidereal  time,  that  is,  that  it  (joints  to  oh.  om.os.  wh^niiie  Firs!  Point 
of  Aries  passes  the  meridian,  and  that  it  goes  through  exacUy  i4h- 
in  the  intct\'al  between  two  successive  transits  of  the  same  stars  ; 
in  fact,  that  it  keeps  exact  sidereal  time.  But  it  is  not  likely  to 
do  this ; — it  will  have  in  general  an  error  and  a  rait;  and  this 
error  and  rate  must  be  obtained  by  comparing  the  times  of 
transit  of  such  standard  stars  as  have  had  their  R.  A.'s  accurately 
determined,  with  their  computed  right  ascensions  for  the  year. 

Maskelyne  selected  36  stan  for  observation,  and  their  computed 
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or  tabular  places  could  be  used  for  deduction  of  clock  rate  and 
error,  and  then  for  the  determination  of  the  apparent  right 
ascensions  of  all  other  objects  which  were  observed,  and  by  this 
process  the  number  of  stare  accurately  observed  was  constantly 
increasing. 

On  looking  at  the  old  nautical  almauacs,  I  find  that  there  was 
no  catalogue  of  stars  whatever  put  into  them,  which  astronomers 

■  could  use,  until  the  year  iSzi,  and  then  I  think  it  was  a  catalogue 
of  10  stars,  that  became  afterwards  a  catalogue  of  60,  and  then 
100,  and  this  number  continued  until  a  late  period.  This  shows  how 
Very  slow  the  progress  has  been,  and  that  notwithstanding  these  me- 
thods appear  very  simple  and  plain,  it  took  a  long  rime  before 
astronomers  were  furnished  ivith  this  basis  for  their  future  work. 
^_        But  the  method  had,  and  still  has,  this  disadvantage,  thai  any 
^^  «rror  which   may  remain  in  the  assumed  R.  A.'s  of  the  funda- 
^B  mental   stars,  will  be  communicated  to  those  of  all   the  stars 
^H  reduced  by  their  means,  and  thus  the  determination  of  absolute 
^H  right  ascension  is  a  slow  process,  and  has  exercised  the  abilities 
^^K  of  the  most  eminent  astronomers.     It  would  occujty  too  much 
^H  lime  and  be  beyond  the  scope  of  this  lecture,  to  show  how  the  daily 
^V:^parent   places  of  the  stars  obtained   by  the  process  above 
^^Mjcplained,  are  cleared  of  the  inequalities  arising  from  precession, 
^^ritutation,   and  aberration,  and  their  mean  places  (that   is,  their 
places  cleared  of  these  inequalities)  are  reduced  to  a  given  epoch, 
usually  the  beginning  of  each  year  of  observation ;  and  finally,  how 
these  yearly  catalogues,  which  are  published,  for  enample,  with 
with  great  punctuality  at  Greenwich  and  the  Raddiffe  Observatory, 
at  Oxford,  are  finally  combined  so  as  to  form  catalogues  for  a 
mean  epoch  containing  accurate  places  of  several  thousand  stars. 

Pit  must  be  sufficient  at  present  lo  have  indicated  the  general 
{irocesses  by  which  this  is  done ;  and  it  may  stimulate  my 
Intelligent  hearers  to  endeavour  to  obtain  fuller  information. 
Thus  far  I  have  spoken  of  the  mural  circle  and  the  transit 
instniment  as  distinct  instruments,  of  course  requiring  separate 
obser%eTS,  And  indeed  till  a  comparatively  recent  date  they  were 
so  used  ;  for  example,  Troughton's  mural  circle  and  the  corre- 

Iiponding  transit  instrument  were  in  use  till  the  year  1851.  Then 
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was  established  bj  &  Gecx^  Ainr,  dte  great  xoEosit  corde,  a 
work  of  great  labour  in  the  dnigTw  for  hs  coDstrucdoii  (whidi 
were  made  bj  himseifX  sod  wioch^  as  fiff  as  I  can  jm^e,  ^  still 
tmiivalled  bodi  ibr  acmracjof  prinopieand  canvenknce  in  die 
daily  use. 

The  transit  circle  then,  as  its  nazne  TTnplies,  is  inteoded  to  com- 
bine in  one  instrnment  both  the  mural  cxrcie  and  the  transit  instror 
moit,  and  diis  is  efected  by  simply  atrarhfng  to  the  horiaontal 
axis  of  the  latter  (made  of  coorse  propordonally  strong)  two 
drdeSy  one  of  wfaidi  is  afnuatety  divided  tor  obsenratioos  of 
zenith  distance,  and  the  other  more  coarsely  dfrided  to  serve 
as  a  setting  and  a  damping  cxrde. 

The  idea  is  so  simple,  that  one  is  tempted  to  wonder,  as  we 
hare  seen  occasion  to  wonder  before,  why  the  incoprmimre  of  two 
separate  instruments  was  pot  up  widi  so  long.  One  reason  maybe 
that  an  the  instmments  which  we  have  been  occopied  in  de- 
scribing, are  rery  costly  and  elaborate,  and  are  usoaJly  employed  in 
official  establishments  sodi  as  that  of  Greenwidi,  and  that  a 
seriocs  responsibility  is  incurred  in  any  organic  cfaai^  soch  as  die 
fcpbdng  of  such  instruments  by  new  ones.  I  beHeve  diat  at  die 
present  time,  soch  scruples  would  not  exist  in  the  same  degree^ 
and,  that  in  any  department  of  science,  instruments  of  plainly 
dtftctive  principles  of  construction  would  be  discarded.  Bat,  be 
this  as  it  may,  I  think  it  will  be  generally  allowed  that  the 
instances  which  I  hare  produced  are  both  instructiTe  and  inter- 
esting, as  showing  that  real  progress  in  sdence,  as  in  everydiing 
dse,  is  of  slow  growth,  and  that  patience  is  required  both  in  die 
workers  and  in  those  who  expect  to  see  or  to  enjoy  the  results  of 
their  labours. 

As  we  have  been  treating  of  the  successive  advances  of  instni- 
mental  construcdon  from  the  well  made  but  badly  princq>led 
quadrants,  used  during  the  last  century  and  till  the  year  1S12  in 
the  present,  to  that  triumph  of  engineering  and  opdcal  skill  the 
Great  Transit  Cirde  of  Greenwich,  it  will  be  necessary  to  say 
a  few  words  with  r^ard  to  that  instrument  for  the  purpose  ot 
explaining  the  grounds  of  its  excellence. 

In  the  first  place  it  may  be  said  that  its  establishment  rerohi- 
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lionized  in  some  degree  the  whole  science  of  the  construction  of 
large  instruments  for  fixed  observatories,  by  transferring  ail  but  the 
purely  optical  porrions  from  the  .practical  optician  to  the  engineer, 
and  thus  providing  for  the  retjuisite  solidity  in  all  the  parts  which 
require  strength  and  absolute  firmness.  All  previous  instruments 
made  by  opticians  (Troughton's  Mural  Circle,  for  example),  were 
made  in  a  great  many  pieces  connected  with  exquisite  skJlI,  but 
stil]  liable  to  derangement  and  unexpected  alteration  of  adjust- 
ment. We  may  cite  as  an  instance  of  this  (if  there  are  any  in  the 
room  who  remember  the  early  history  of  the  Cape  of  Good  Hope 
Observatory),  the  worry  and  vexation  which  Jones's  Circle  caused 
to  the  Astronomer,  Mr.  Fallows.  Then  again,  many  things  were 
then  done  by  hand  which  are  now  done  with  infallible  accuracy  as 
a  matter  of  common  engineer's  work  by  machinery ;  for  example, 
the  planing  of  steel  or  brass  surfaces. 

Well,  for  the  Greenwich  Transit  Circle,  engineer's  work  (that 
ofMessrs.  Ransomes  and  May)  was  employed  for  all  the  lat^e  and 
solid  parts  of  the  instrument,  the  separate  parts  being  as  few  as 
possible,  and  as  much  as  possible  cast  in  one  flow  of  metal. 

Thus,  the  telescope  itself  consisted  of  three  pieces ;  namely,  the 
central  cube  with  its  pivots  in  one  flow  of  metal,  and  the  tube  in 
two  portions  bolted  on  to  the  central  cube  by  means  of  planed 
iurfaces.  The  microscopes,  formerly  the  least  trustworthy  portion 
of  a  large  instrument,  were  here  the  most  secure.  Their  eye- 
pieces are  arranged  in  a  circle,  about  two  feet  in  diameter,  at  the 
back  of  the  pier,  and  are  fastened  down  by  screws,  to  brass 
sockets  let  into  the  pier,  by  means  of  planed  surfaces,  so  th&t 
absolute  solidity  is  acquired. 

The  object  glasses  of  the  microscopes  on  the  inside  of  the 

I  pier  are  rendered  absolutely  lirm  by  similar  arrangements,  and 
it  is  believed  that  both  in  this  instrument  and  in  the  Carrington 
Transit  Circle  used  at  Oxford,  the  changes  in  the  course  of  a 
year  in  the  relative  readings  are  mainly  such  as  arise  from  the 
expansion  and  contraction  of  the  pier  itself. 
The  zenith  points,  both  as  determined  by  reflexion  observations 
of  stars  and  by  the  reflected  image  of  the  wire,  are  wonderfully 
tteady  for  long  intervals  of  time,  and  whatever  faults  are  at  any 
I : 
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or  [hiee-inch  object  glasses  of  earlier  Dines,  to  the  Luge  eagfat-iaA 
re&actora  osed  in  many  places  foi  meridian  instmmeDts  of  the 
present, — what  an  immense  advance ' 

Then  again  with  respect  to  right  ascensions,  compare  the 
materials  at  the  command  of  Maskelyne  ;  the  small  impofect 
transit  instrument,  the  almost  absolute  want  of  well-determined 
places  of  standard  stars,  and  the  want  of  tables  for  computiag 
the  corrections  due  to  precession,  nutation,  abcxralion,  etc, 
whidi  are  now  a  matter  of  daily  and  common  use  to  all  astrooo- 
meis.  Then  again,  the  isolation  of  astronomy,  and  indeed  of 
each  of  the  physical  sciences,  was  almost  complete.  Men,  tike 
Maskelyne,  devoted  to  the  science,  and  able,  by  adequate  matfae- 
matical  and  other  attainments,  to  advance  it  to  the  next  stage 
of  progress,  were  rare.  There  was  no  collision  of  mind  with 
mind,  the  great  astronomer  must  work  out  his  problems  un- 
assisted and  alone,  for  the  only  astronomy  of  that  age  whidi 
attracted  public  attention  was  that  of  Sir  \V.  Herschel,  and  x-ery 
few  even  of  his  admirers  were  capable  of  appredatbg  the  labour 
and  profound  calculations  by  which  his  great  discoveries  were 
obtained. 

How  different,  again  may  we  say,  is  it  now !  Every  brandi 
of  physical  science  is  connected  with  many  other  branches,  and 


ASTRONOMICAL  INSTRUMENTS.  197 

must  ask  for  their  assistance    to    secure  success.       Astronomy 
I  requires,  in  its  various  departments,  the  labours  of  the  engineer, 
I  the  chemist,  the  electrician,  the  geographer,  the   geologist,  and 
the  mathematician.     Glass- workers,  since  glass  became  cheap,  are 
required  to  furnish  enormous  object  glasses,  for  fiirther  discoveries 
in  the  heavens ;  the  telegraph- wire  determines  relative  longitudes 
of  observatories ;   coal   mines  are  descended   to   determine   the 
earth's   mean   density ;   nice   mathematical  calculations  are  re- 
quired for  giving  shorter  focal  lengths  to  our  gigantic  refractors,  and 
<  rendering  these  large  instruments  at  all  practicable  or  manageable. 
X  new  discovery  be  made,  it  is  claimed  frequently  by  more 
\  than  one  discoverer,  and  discoveries  even  of  new  bodies  in  the 

heavens  have  become  matter  of  almost  weekly  occurrence. 

I       Let  us  use  these  advantages  without  boasting,  and,  finally,  let 

I  us,  in  gazing  at  and  admiring,  some  of  us  one  department  and  some 

another,  of  this  wonderful  collection  of  scientific  instruments  got 

together  under  this  roof,  not  boast  of  our  advances  beyond  our 

scientific  predecessors,  but  modestly  endeavour,  each  in  his  own 

degree,  to  add  a  mite  to  what  appears  to  be  this  infinite  sum  of 

knowledge,  and  remember,  finally,  that  apart  from  material  interests 

I   and  human  needs,  it  can  all  have  but  one  ultimate  use  and  end, 

and  that  end  is  tbe  gloiy  of  God. 

The  Chairman:  Ladies  and  Gentlemen,— It  would  be  quite 
I  A  work  of  supererogation  for  me  to  aslc  you  to  express  what  you 
I  have  already  done,  your  thanks  to  one  of  our  most  eminent  astro- 
[  nomers  for  his  most  laborious  and  thorough  description  of  the 
I  instruments  which  have  been  used  for  the  detennination  of  theae 
I  astronomical  consUnts.  But  as  a  matter  of  form,  I  will  aslc 
[  you  to  record  your  thanks  to  Mr.  Main  for  his  admirable 
(lecture. 


HEAT  AND  WORK. 
By  Professor  Franus  Gxithrie,   LL.B. 


Major  Festing,  R.E.,  in  the  Chair. 
The  Chairman  ;  Ladies  and   Gentlemen,— It  is   my  duty  this 

evening  to  introduce  to  you  a  gentleman  who  is  kind  enough  to 
give  us  one  of  the  lectures  of  this  series,  Mr.'Fraods  Guthrie,  late 
Principal  of  ihe  Graaf  Reinet  College,  in  Cape  Colony.  The  title 
of  his  lecture  is  Heat  and  Work. 

Professor  GrTHRiE  :  Among  the  many  examples  of  apparatus  of 
historic  interest  which  are  exhibited  in  this  Loan  Collection,  there 
are  perhaps  few  which  more  deserve  your  attention  than  the  one 
you  see  before  you,  the  apparatus  of  Dr.  Joule,  of  Manchester,  by 
which  he  demonstrated  or  calculated  the  exact  equivalent  between 
work  and  heal — the  mechanical  equivalent  of  heat  as  it  is  called. 
The  name  is  a  somewhat  awkward  one.  The  word  mechanical 
serves  a  great  many  purposes  in  the  English  language ;  we  often 
make  use  of  it  when  we  do  not  know  what  word  to  make  use  of, 
and  this  is  an  instance  of  such  a  use  of  the  word.  It  would  be  more 
correct  to  call  il  the  thermal  equivalent  of  work.  I  shall  have  to 
explain  to  you  more  exactly  what  we  mean  by  this  phrase  after- 
wards ;  but  for  the  present  I  may  briefly  say  that  by  the  thennal 
equivalent  of  work,  we  mean  the  amount  of  work  which  will  pro- 
duce a  given  change  of  temperature  in  a  given  bulk  of  some 
standard  substance.  The  determination  of  the  thermal  equivalent 
of  work  constituted  a  great  step  in  the  theory  of  applied  mechanics. 
I  will  not  say  of  so  much  importance  as  the  establishment  of  such 
a  theory  as  that  of  gravitation  in  astronomy,  but  nevertheless  we 
must   consider   that    Dr.  Joule's  experiments   form  an  epoch  in 
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mechanical  science.     Of  course  it  has  been  long  known  that  there 
a  possibility  of  converting  heat  into  work,  and  work  into  heat- 
No  one  knew  that  better  than  the  celebrated  engineer  Walt,  the 
whole  of  whose  life  was  spent  you  may  say  in  different  devices  for 
the  most  economical  conversion  of  heal  into  work.     But  what  he 
not   know,  and  what  Dr.  Joule  ascertained,  is  the  precise 
amount  of  heal  which  is  capable  of  being  converted  into  work. 
This,  however,  is  only  one  branch  of  the  subject  which  1  shall  have  to 
I  treat  of  to-night.    My  subject  is  Heat  and  Work,  and  I  shall  have, 
J  therefore,  totouch  not  only  on  the  conversion  of  beat  into  work,  but 
I  likewise  on  the  subject  of  the  modern  theories  concerning  the 
\  DAture  of  heat  itself. 

The  ideas  of  the  ancients  on  the  subject  of  Heat  and  Work  and 
f  demical  processes  have  been  already  touched  on  in  this  room  by 
[  one  much  abler  than  myself,  Mr.  Lyon  Playfair,  and,  therefore,  I 
shall  pass  over  this  part  of  the  subject  with  brevity.  Amongst  the 
Ancients  we  find  that  the  idea  of  the  constitution  of  matter  as  being 
made  of  small  molecules  or  particles  in  a  rapid  state  of  motion  was 
already  entertained.  The  Roman  poet  Lucretius,  in  his  celebrated 
I  poem  on  '  The  Nature  of  Things,'  accounts  for  the  nature  of  the 
I  physical  properties  of  matter  by  this  theory.  We  cannot,  however, 
I  correctly  say  that  Lucretius  entertained  the  modem  idea  of  the 
L  atomic  theory.  His  idea  of  the  constitution  of  matter  as  composed 
I  of  atoms  was  very  different  from  the  modem  scientific  theory. 
But,  nevertheless,  his  theory  is  sufficient  to  show  ihal  it  is  the 
natural  tendency  of  the  human  mind,  in  investigating  the  properties 
of  matter,  to  endeavour  lo  explain  these  properties  on  some  such 
theory  as  this.  Still  less  can  we  say  that  Lucretius  entertained  any 
such  idea  as  is  at  present  held  concerning  the  nature  of  heat.  As 
I  shall  have  to  explain  to  you,  the  modem  theory  of  heat  is  that  it 
consists  in  the  motions  of  the  atoms.  Now,  we  know  that  amongst 
the  ancients  heal  was  considered  in  altogether  a  different  way.  Jl 
was  considered  to  be  an  element  itself,  just  as  much  an  element  as 
the  so-called  elements  earth,  air,  and  water;  and  although  the 
chemical  ideas  of  the  ancients  have  been  very  much  modified  in 
modem  times,  still  it  is  curious  to  notice  that  this  idea  concerning 
heal  as  an  element  has  been  entertained  even  you  may  say  up  to 
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1  IB  Ac  cyiaioa    of  ife  aac 
Bocli  tke  pnt,  »■■■■■&■{  w*  Hi*.  Airtt<»>rfj*fcnpaMr  a 
of  nepme  oKyKOL     WWr  «c  »tnwwr  Atf  «  cfa 
diced  bf  liic  ad£tioa  efox^ai.  StaU  olcitwcil  ll 
Ae  diinge  s  produced  tqr  tfe  fan  of  pMugaWn. 
ss  the  dcmciii  oj.^  jguu  vas  dttcoi^scd,  swi 
mdied,  it  W3S  »ai  dm  dns  dkcoir  cfheat  ««s  tl 
Lavotticx,  dterefixc,  sUrted  a  aev  AcOfT  of  I 
to  dns  thrcorj  heat  sdn  ranuiMd  pnctkallr  ai 
I  bdiere  LaroiiieT  Unadf  roaWiQiB  h^  ■ 
caloric  in  tbe  Hit  of  dtaami.    Il  b  a  i 
poMOBBg  wa^A,  buwfaick  B  capable  of  ftannig  i 
boatkm  with  od>er  ™^«»™"*.  jnst  in  Ac  same  way  aa  I 
or  os^gcD  can  do,  and  of  beii^  scpontEd  from  dm. 

Loi^    befere   Laroisiei's  time,  howmr, 
accatsbt  idea  of  ihe  jOOmk  ot  ibc  beat  had  I 
taioed.     In  die  b^imnng  of  Ibe  lydi  caitniy  die  o 
Bacon  had  mode  lome  experiments  on  the  sabject  c 
had  oome  to  die  coodnnon  dut  beat  b  some  form  < 
TUt  conlained  the  genn  of  the  raodem  tbeoir  of  heat. 
tbe  end  of  the   iSib  ccnturr.  Count  Rondbrd,  the  i 
American  philoscphcr,  entertained  styiae  doubts  of  t 
iheoty  of  beat,  tbe  pblo^toa  and  caloric  theoiy,  for  the  | 
ton  theory  had  net  then  quite  ^ven  way  to  tbe  tbetay  of  4 
Hu  attentioD  was  6rsi  called  to  this  subject  in  boring  OH 
canDOD.    He  noticed  that  tbe  temperature  of  the  metal  n 
much ;  that  the  work  done  by  tbe  boring-tool  seemed  ii 
to  be  convened  into  heat.     The  explanation  which  was  tl 
was  this,  that  a  separation  of  the  pans  of  the  metal  from  & 
set  free  a  certain  amount  of  caloric  which  exhibited  itself  in  the  " 
form  of  heat. 

Count  Rumford  was  not  satisfied  nrith  this  explaoatioo,  and  he 
tried  tbe  following  experiment.  He  tried  whether  the  metal  when 
separated  into  small  &3|;menls  possessed  the  same  specific  heat  as 


I 


HEAT  AND   WORK.  aoi 

it  did  in  the  mass.  He  found  that  it  did ;  that  there  was  the  same 
specific  heat  in  the  small  fragments  as  there  was  in  the  entire 
mass,  and  it  occurred  to  him  therefore,  that  it  was  utterly  impos- 
sible that  heat  could  be  set  free  by  the  disintegration  of  the 
metallic  mass.  Sir  Humphry  Davy,  almost  at  the  same  time, 
or  a  little  subsequently,  tried  the  following  experiment.  In  the 
vacuum  under  an  air-pump  he  nibbed  together  two  pieces  of  ice, 
and  found  they  were  speedily  melted  and  became  converted 
into  water.  Since  the  space  in  which  the  ice  was  contained  was  a 
'  vacuum,  he  was  pretty  certain  that  no  heat  was  conveyed  to  the  ice 
by  conduction.  A  small  amount  might  be  conveyed  by  radiation, 
but  not  nearly  sufficient  to  produce  the  effect.  The  specific  heat 
of  water  is  much  greater  than  that  of  ice,  and,  therefore,  there 
must  have  been  the  accumulation  of  a  considerable  amount  of 
heat,  much  greater  than  could  be  accounted  for  by  radiation. 
This,  therefore,  appeared  like  the  creation  of  heat.  Now,  if  heat 
was  a  substance  as  was  supposed,  this  was'  contrary  to  the 
analogy  of  all  other  species  of  matter,  and,  therefore,  threw  con- 
siderable doubt  upon  the  caloric  theory  of  heat. 

The  celebrated  Dr.  Thomas  Young  likewise  investigated  this 
subject.and  with  his  usual  acutencss  he  arrived,  lbelieve,a[thesame 
conclusion  which,  1  suppose,  now  is  generally  entertained,  in  opposi- 
tion to  the  notion  of  the  time,  that  heat  is  a  form  of  modon,  and 
that  there  is  no  such  thing  as  a  separate  substance  called  caloric. 
The  subject,  however,  could  not  be  considered  to  be  finally  settled 
until  experiments  were  made  by  which  the  actual  calculable  etiui- 
valents  of  heal  and  work  were  ascertained.  This  was  done  by 
Joule,  of  Manchester,  and  about  the  same  time  Mayer,  of  HeiU 
bronn,  was  investigating  the  subject,  so  that  both  are  entitled 
to  equal  honour,  I  believe,  on  this  point. 

The  apparatus  you  see  before  you  was  the  one  actually  used 
by  Dr.  Joule.  This  is  a  copper  vessel  in  which  liquid  was  placed, 
cither  water  or  any  other  which  required  to  be  investigated.  In 
this  copper  case  you  will  observe  that  a  spindle  with  a  good  many 
paddles  is  inserted  in  such  a  way  that,  as  it  rotates,  the  liquid  is 
necessarily  very  much  disturbed  by  friction.  It  is  fastened  to  an 
axis  or  spindle  which  can  be  made  to  rotate  by  drawing  out  this 
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thread.  The  thread  was  passed  over  the  pulley,  a  wdght  of 
known  amount  was  fixed  to  the  lower  end  of  the  string,  and 
the  spindle  was  placed  in  this  vessel.  The  paddles  were  then 
caused  to  rotate  by  the  descent  of  the  weight,  and  the  temperature 
of  the  water  or  other  liquid  was  ascertained  before  and  after  the 
rotation.  Several  other  precautions  were  taken  which  1  need  not 
here  mention,  but  the  main  point  of  the  calculation  was  this,  that 
when  agiven  weight  descended  through  a  given  space,  the  tempera- 
ture of  a  given  weight  of  water  in  this  copper  vessel  was  raised  a 
certain  number  of  degrees.  The  rise  of  temperature  was  found  to 
be  proportioned  to  the  weight  and  to  the  space  through  which  it 
descended,  that  is  to  say,  to  the  amount  of  work  done.  Chemists 
had  already  calculated  the  relative  specific  heats,  as  they  are  called, 
of  different  liquids  ;  and  when  the  relative  change  of  temperattire 
of  one  liquid,  such  as  water,  with  the  amount  of  work  done  was 
ascertained,  similar  changes  of  temperature  which  would  be  pro- 
duced on  other  Uquids  n-ou)d  be  easily  calculated,  and  were  con- 
firmed by  experiment.  The  experiment  is  altogether  too  delicxte 
for  me  to  show  in  a  lecture-room  ;  it  would  take  too  long  a  time 
and  £ir  too  many  precautions,  but  by  somewhat  modifying  the 
experiment  you  can  see  in  a  rough  way  the  production  of  heat 
by  work  and  thus  verify  the  main  principles  of  Joule's  experiment. 
Here  is  a  common  whirling  table  with  an  upright  tube  into  which 
a  small  quantity  of  ether  is  poured.  When  the  wheel  is  turned 
round,  the  tulJe  of  course  rotates  on  its  own  axis,  and  it  is  clasped 
by  a  wooden  clip.  You  see  a  certain  amount  of  force  is  required 
in  order  to  turn  the  wheel,  and  that  travels  ovtr  a  certain  space 
as  the  wheel  is  turned  ;  that  is  to  say,  it  does  a  certain  amount  of 
work.  Part  of  the  work  is  consumed  entirely  in  the  friction  of 
the  machiner}- — friction  which  we  cannot  avoid,  though  we  would 
do  so  if  we  possibly  could.  The  remaining  portion  of  work  is 
consumed  in  the  fricrion  generated  between  this  wooden  clip  and 
the  metal  tube,  and  that  friction  is  work  which  is  being  converted 
into  heat  After  a  time  the  heat  will  become  sufficiently  great  to 
boil  the  ether,  and  the  tension  of  the  %-apour  of  ether  will  no  doubt 
project  the  cork  from  the  tube.  If  we  know  the  specific  heat 
and  weight  of  ether  here  emplored,  a  simple  calculation  will  show 
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^V^  amount  of  force  generated;  thus  we  can  ascertain  the  amount 
of  work  required  lo  boil  that  particular  weight  of  ether.  As  a 
matter  of  fact  this  experiment  is  much  too  coarse,  because  a  large 
amount  of  heat  escapes  by  conduction  from  the  different  objects 
in  contact. 

FORCE. 
Rate  of  change  of  momentum. 
Mass  times  acceleration. 

Unit,  a  Dyne  ;  a  gram  accelerated  a  centimeter  a  second. 
II. 
WORK. 
Force  displacement 
Force  times  its  displacement  tn  its  direction. 

Unit,  an  Erg. 

Work  is  either  positive  or  negative. 
III. 
POTENTIAL. 

Possible  work  of  a  force  under  given  conditions, 

rv. 

KINETIC  ENERGY. 

Mass  motion  produced  by  work. 

Mass  times  half  the  sijuare  of  the  velocity. 


MASS  ENERGY. 
The  kinetic  energy  of  a  body,  due  lo  the 
I  molecules. 

VI. 
MOLECULAR   ENERGY  OR  HEAT. 
The   kinetic   energy  of  the  molecules   due  to   their   relative 
I  notions. 

Before  proceeding  to  state  to  you  more  definitely  what  is  the 
I  modem  theory  of  heat  and  matter,  I  must  call  your  attention  to 
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these  few  definitions.  The  first  is  a  definition  of  what  we  mean 
by  force.  Force  is  the  rate  of  change  of  momentum  or  mass  times 
acceleration.  This  is  not  exactly  the  ordinary  definition  of  force. 
Force  is  rather  defined  as  the  cause  of  change  of  momentum,  the 
cause  of  the  acceleration  of  a  given  mass;  and  it  is  said  we 
measure  force  by  the  amount  of  acceleration  it  produces  on  a  given 
mass,  and  by  the  mass  on  which  it  produces  a  given  acceleration. 
As  a  matter  of  fact,  however,  we  have  nothing  to  do  in  science 
but  with  the  effects  caused  by  acceleration,  and  the  mass  on  which 
it  produces  the  acceleration ;  we  have  nothing  to  do  with  this 
unknown  cause,  and  the  sooner  the  idea  of  this  unknown  cause  is 
left  'out  of  the  determination  of  force  the  better  for  science.  It 
interferes  very  seriously  with  the  proper  understanding  of  the 
subject.  The  idea  of  a  cause  fir  acceleration  becomes  associated 
in  the  mind  with  muscular  exertion  and  various  'Other  forms  of 
force  which  only  tend  to  bring  confusion  into  the  subject. 
Although  the  definition  is  not  exactly  the  same,  therefore,  as  that 
ordinarily  accepted,  it  is  practically  identical.  Force  is  mass  times 
acceleration.  Work,  as  I  have  already  had  occasion  to  mention,  is 
force  times  the  displacement  in  its  own  direction.  If  the  point  of 
application  of  force  is  moved  in  such  a  way  that  either  the  whole 
or  part  of  its  morion  is  in  the  direction  of  the  force  itself,  then  that 
force  is  said  to  do  work.  Here  again  there  is  a  little  confusion  in 
the  way  in  which  the  term  work  is  used.  Sometimes  it  is  used 
with  reference  to  force  overcome,  and  sometimes  in  reference  to 
the  displacement  of  the  force  in  its  direction ;  sometimes  the  amount 
of  displacement  of  force  in  a  direction  opposite  to  its  own,  and 
sometimes  its  displacement  in  its  own  direction.  Of  the  two  I 
prefer  to  accept  the  latter  definition.  Either  would  come  to  the  same 
thing.  It  follows  from  this  that  the  work  is  always  equal  to  the 
product  of  the  force  and  the  space  through  which  it  is  exerted. 

The  unit  of  space  which  is  now  used  in  science  is  the  meter  or 
centimeter  generally,  and  the  unit  of  mass  the  gram  ;  the  unit  of 
force,  that  amount  of  acceleration  which  would  produce  a  velocity 
of  one  centimeter  per  secontl  in  a  gram  of  matter  in  one  second.  The 
unit  of  work  has  had  the  name  "erg"  given  to  it.  Work,  as  I 
have  had  occasion  to  mention,  is  positive  or  negative.    When  the 
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force  is  moving  so  thai  its  point  of  applicatidli  moves  in  a  direc- 
tion opposite  to  its  own,  then  we  say  the  work  of  force  is  negative; 
if  in  the  same  direction  as  itself,  we  say  it  is  positive.  The  term 
'■  potential  "  has  been  comparatively  recently  introduced,  and  it 
has  been  found  so  useful  that  no  doubt  it  will  come  into  genera! 
acceptation.  By  potential,  we  mean  the  possible  work  of  a  force 
under  given  conditions.  Thus,  for  example,  taking  the  weight 
which  is  attached  to  an  ordinary  clock,  that  weight  is  capable  of 
descending  through  a  certain  space,  viz,,  the  length  of  the  chain 
which  is  wound  round  the  barrel.  The  potential  of  that  force  then 
is  the  weight,  multiplied  by  the  length  of  the  chain  ;  it  is  the  work 
which  the  weight  is  capable  of  doing  in  moviog  the  clock.  Vou 
will  easily  see  that  potential  is  the  complementary  to  work,  and 
when  work  is  done  potential  is  diminished.  If  the  force  is  exerted 
in  its  own  direction  it  has  less  distance  to  be  exerted.  If  that 
force  alone  acts  upon  a  bixly,  from  the  very  nature  of  force  (force 
imjilying  acceleration),  the  body  acquires  velocity ;  and  it  can  be 
easily  shown  mathematically  thai  the  amount  of  velocity  obtained 
by  a  body,  when  a  certain  amount  of  work  is  done,  is  such  that 
the  force  times  the  space  through  H'hich  it  acts  is  equal  to  the 

mass  times  half  square  of  the  velociiy,/j  =m —      A  name   is 

required   for    that    amount  of  motion,  and   the  name   kinetic 

energy  has  been  given  to  it,  k  =  m  — 

Formerly  the  same  quantity  was  known  as  vis  vn-a,  but  that  is 
a  somewhat  awkward  phrase,  and  the  term  kinetic  energy  has  been 
substituted  for  it.  If  the  Greek  language  would  admit  of  a  com- 
bination I  should  suggest  shortening  it  into  kinergy,  and  then  we 
should  likewise  have  a  name  for  the  unit  of  kinetic  energy,  namely, 
kinerg,  in  the  same  way  as  the  unit  of  work  is  called  "  erg." 

Kinetic  energy  is  twofold,  and  may  be  divided  into  mass- 
energy  and  molecular-energy. 

Those  two  phrases  are  sufficiently  explained,  I  think,  on  the 
diagram;  mass  energy  means  the  kinetic  energy  of  a  body  due  to 
those  motions  which  are  common  to  the  molecules  of  the  body  ; 
by  the  molecular  energy   we  mean  the  kinetic   energy  of  the 
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molecules  due  to  their  relative  motions.  You  will  see,  however, 
that  there  is  no  broad  line  of  distinction  betiveen  these  two,  but 
that  mass  energy  gradually  modifies  away  into  molecular  energy. 
First  of  all,  we  take  the  case  of  pure  translation,  where  every 
point  in  a  body  moves  in  the  same  direction  at  the  same  time, 
that  would  be  pure  mass  energy ;  if  we  take  the  case  of  rotation 
where  every  point  in  the  body  has  its  own  direction,  but  where 
the  points  near  to  each  other  have  a  direction  almost  coincident, 
we  still  have  what  is  called  mass  energy,  but  somewhat  approach- 
ing to  molecular  energy.  If  we  take  the  case  of  vibration,  as  in 
the  case  of  waves  in  the  air,  we  have  still  what  is  called  mass 
energy,  but  still  more  closely  approaching  to  molecular  energy. 
If  the  motions  of  the  number  of  waves  be  increased  without 
limit  and  their  directions  varied  without  limit,  finally  every  single 
molecule  would  have  its  own  particular  direction  of  motion,  and 
the  mass  energy  would  ultimately  become  molecular  energy. 

With  these  definitions  I  shall  now  proceed  to  state  what  is  the 
modern  theory  of  heat,  work,  and  matter.  Matter  is  supposed  to 
consist  of  small  molecules  separated  from  each  other,  each  having 
its  own  peculiar  existence,  as  it  were,  similar  to  each  other  in 
weight  and  motion — not  necessarily,  because  each  might  possess 
its  own  proper  motion.  The  different  stales  of  aggregation  of 
matter  are  explained  as  follows.  In  the  case  of  a  gas  the 
molecules  are  supposed  to  be  relatively  at  a  considerable  distance 
from  each  other  and  moving  freely  amongst  each  other,  their  motions 
being  only  occasionally  influenced  by  each  other  when  they  come 
in  contact,  or  perhaps  in  the  slightest  degree  by  molecular  forces. 
But  in  a  gas  the  particles  are  supposed  to  be  for  the  greatest  part 
of  theit  time  moving  freely ;  the  periods  of  lime  when  they  are  in 
actual  contact  with  each  other  are  supposed  to  be  very  short,  and 
molecular  force  is  supposed  to  produce  comparatively  little 
effect.  In  the  case  of  a  liquid  or  solid,  the  molecules  arc  sup- 
posed to  be  much  nearer  together,  their  motions  to  be  more 
confined,  but  they  are  still  supposed  to  possess  motions  either 
of  vibration  or  rotation,  and  probably  to  move  even  in  small 
orbits,  and  return  rapidly  to  the  same  place. 

Heal,  as  I  have  already  stated  to  you,  is  the  motion  of  the  par- 
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r  deles — the  motion  of  the  particles  measured  by  this  formula  (IV). 
Multiplying  the  mass  of  each  molecule  by  the  square  of  the 
velocity  divided  by  two,  and  adding  all  these  products  together, 
we  get  what  is  called  ihc  heat  of  the  entire  mass. 

Tou  will  see  that  the  particles  of  a  body  are  capable  of  three 
distinct  kmds  of  motion,  namely,  motions  of  translation,  motions 
of  rotation,  and  motions  of  vibration.  Particles  of  matter  are 
supposed  to  be  rotating  on  their  axes,  and  likewise  to  be  in  a  state 
of  vibration  ;  we  suppose  them  to  be  continually  encountering 
each  other  ;  and  you  know  the  effect  of  elastic  bodies  striking  each 
other  is  that  they  are  put  into  a  state  of  vibration.  You  will  easily 
e  all  three  of  these  motions  in  ordinary  billiard  balls  as  they  roll 
about  the  billiard  table.  They  travel  along,  they  rotate  on 
their  axes,  and  when  they  strike  together  the  sound  of  the  impact 
shows  vibration  in  the  bail  itself  It  is  true  that  this  vibration 
soon  ceases  owing  to  friction ;  but  in  the  case  of  the  molecules 
you  must  suppose  that  these  vibrations  are  as  permanent  as 
the  motion  of  rotation  and  translation. 

)w  let  us  see  what  would  be  the  physical  effects  of  these 
molecular  motions;  and  for  simplicity  we  shall  take  the  case  of  a 
gas  where  the  motions  are  less  influenced  by  molecular  forces.    A 
gas   may  be  compared  to  a  billianl   board  on  which'  there  are 
■   number   of  billiard   balls   moving   with   very  great    velocity, 
and  continually  encountering  each  other ;  and  necessarily  therefore 
encountering  the  sides  of  the  table.    The  balls  are  supposed  to 
be  perfectly  elastic,  and  the  cushions  of  the  table  also,  so  that 
their  motions  when  once  set  up,  continue  without  diminution. 
One  effect,  you  will  easily  see,  \i\W.  be  this,    that  a  continued 
pressure  will  be  exerted  on  the  cushions  of  the  billiard  table,  and 
if  the  cushions,  instead  of  being  affixed  to  the  table,  were  so 
I  attached  to  it  that  they  were  capable  of  motion,  the  continual  im- 
pact of  the  balls  would  gradually  drive  the  cushions  backwards 
,  and  ex[)and  the  table.    That  is  precisely  what  we  find  to  be 
L  the  case   with    a    gas.      If   we  enclose  a  gas  in  a  vessel,  and 
J  allow  one  of  its  sides  to  be  movable,  and  if  there  is  no  pressure 
I  lOn  the  outside  of  that  movable  side,  then  it  will  be  driven  along  by 
y  the  pressure  of  the  gas  inside,  just  in  the  same  way  as  the  impact 
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of  the  billianl  balls  would  drive  the  cushion  aJong  if  it  were  free 
to  move.  But  you  will  notice  that  the  effect  on  the  cushion  of  the 
billiard  table  is  due  to  the  motion  of  translation  of  the  billiard 
balls,  and  not  to  their  motions  of  rotation  or  vibration.  It  is  only 
one  portion,  therefore,  of  the  kinetic  energy  of  the  molecules  of  the 
gas  which  produces  pressure  on  the  sides  of  the  vessel  in  which  it 
is  contained;  namely,  the  motions  of  translation*  It  can  be 
easily  shown  by  a  very  simple  calculation  that  the  pressure 
which  would  be  produced  on  the  sides  of  the  vessel,  due  to 
the  impact  of  the  molecules,  would  be  such  that  calling  the  pres- 
sure on  the  square  unit  /,  p^=\  of  I;  where  k  is  the  kinetic  energy 
of  the  molecules,  due  to  translation  only  :  the  pressure  on  a  unit 
of  surface  is  \  of  the  amount  of  the  kinetic  energy  due  to  transla- 
tion, in  a  cubic  unit  of  the  gas.  I'his  enables  us  to  come  to  this 
remarkable  conclusion,  that  we  can  ascertain  the  actual  velodqr  of 
the  motions  of  gas. 

Take  the  atmosphere  for  example.      We  know  what  p  is  and 

we  know  that  ^  =  TO  —  and  from  that  we  easily  get  7;=^— 
We  know  what  the  pressure  on  a  square  unit  of  surface  is,  and 
we  know  what  mass  of  a  cubic  unit  of  the  atmosphere  is,  and  we 
can  therefore  find  what  v  is,  the  velocity  of  the  motion  of  the  par- 
titles  of  air.  It  comes  to  somewhere  between  1400  and  1500  feet  a 
second — about  a  third  more  than  the  velocity  of  sound.  The 
minute  particles  of  air  therefore,  although  the  air  seems  perfectly 
still,  are  moving  according  to  this  theory  (and  of  its  truth  there  can 
be  very  little  reasonable  doubt  now)  with  a  velocity  of  about  1500 
feet  a  second.  The  spaces  through  which  they  move  before  their 
direction  varies  are  extremely  small,  and  therefore  the  number  of 
particles  in  a  given  mass  of  air  is  immensely  great,  and  you  can 
easily  suppose  therefore  that  an  immense  number  of  impacts  are  at 
any  given  time  occurring  on  any  particular  portion  of  the  surface. 
But  although  the  particles  themselves  are  so  minute,  still  the 
number  of  these  impacts  and  the  velocity  of  the  motion  of  the  par- 
ticles is  so  great  that  the  pressure  on  the  side  of  the  vessel  is,  what 
we  actually  know  it  to  be,  very  considerable.  In  the  case  of  an 
atmosphere  of  ordinary  density  it  is  about  15  pounds  on  the  square 
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Another  result  of  this  iheof^'  would  be  as  follow's : — supposing 
that  this  movable  side  of  the  vessel  were  forced  inwards,  what  effect 
would  that  have  on  the  motion  of  the  particles  inside  ?    You  know 
that  if  a  cricket  ball  strikes  the  bat,  it  rebounds  with  a  velocity 
equal  to  ils  velocity  of  impact ;  that  is  to  say,  it  would  do  so  sup- 
posing it  were  perfectly  elastic.     If  the  bat  is  at  rest  the  ball 
rebounds  with  its  original  velocity,  but  if  the  bat  is  itself  in  motion 
in  the  opposite  direcdon,  ihe  ball  will  rebound  with  a  velocity 
increased  by  double  the  velocity  of  the  bat.     Precisely  the  same 
thing  will  occur  with  respect  lo  this  wall  of  the  vessel.     If  it  is  at 
rest  the  particles  which  impinge  upon  it  will  rebound  without  loss 
of  velocity ;  but  if  this  wall  is  in  motion  towards  the  mass  of  the 
gas,  the  velocity  of  each  particle  will  be  increased  by  double  the 
velocity  with   which  the  wall   is  moved.      But  since  velocity 
heat,  the  heat   of  these  particles    will    be  increased.      While 
ide  of  Ihe  vessel  is  moving,  practically  an  infinite  number 
particles  will  impinge  upon  the  side  of  the  vessel  and  have  their 
nlocily  increased,  and  we  should  expect,  therefore,  to  find  that 
n  a  portion  of  gas  is  compressed  its  heat  will  be  increased ;  and 
on  the  other  hand,  the  side  of  the  vessel  is  moving  away  from 
of  the  gas,  then  the  velocity  of  each  particle  on  impinging 
ill  be  diminished  by  ttvice  the  velocity  of  that  side  which  moves, 
we  should  expect,  therefore,  to  find  that  during  expansion,  the 
iperature  of  a  confined  portion  of  air  would  decrease,  and  the 
lount  of  increase  and  of  decrease  might  always  be  expected  to  be 
follows.     Calculate  what  the  pressure  is  on  this  side.     Let  this 
^^e  be  a  unit  of  surface,  and  call  the  distance  through  which  it  is 
compressed  .t.    The  work  done  by  ihe  amount  of  pressure  would 
be/  X,     It  would  at  first  sight  appear  therefore  that  the  tempera- 
ture of  the  gas  contained  in  the  vessel  would  be  increased  by  the 
dty/  :r.    Now,  that  it  is  increased  we  know  perfectly  well,  and 
rhen  air  is  compressed  its  temperature  rises ;  and  that  its  tempeta- 
fatls  when  it  expands  is  likewise  true.     But  that  the  increase 
of  temperature  is  exactly  equal  to  the  work  done  during  compres- 
sion is  not  exactly  true,  for  the  reason  you  will  see  presently.     It 
is  perfectly  in  accordance  with  theory  that  it  should  not  be  so. 
No  doubt  most  of  you  have  seen  these  exijeriments  of  the  heat  pro- 


Ibrht 


no  HEAT  AND    IVORX. 

duced  by  the  compression  of  air.  This  is  a  glass  cj-linder  into 
which  a  piston  fits  air-tight,  and  on  the  end  of  the  piston  there  is 
a.  smsdl  portion  of  German  tinder.  If  the  air  be  suddenly  com- 
pressed by  driving  the  cylinder  down  on  the  piston,  the  heat 
accumulated  in  the  compressed  portion  of  the  air  will  be  sufficiently 
great  to  hght  the  tinder.  Again  a  damp  atmosphere  is  secured  in 
the  receiver  of  this  air-pump  by  inserting  a  damp  sponge  into  it. 
The  air  will  be  expanded  by  rapidly  working  the  air-pump,  and  the 
effect  of  suddenly  cooling  that  moist  damp  air  would  probably  be 
to  condense  a  portion  of  the  vapour  of  water  into  air  in  the  fonn 
of  a  cloud.  We  know  that  clouds  are  produced  in  that  way.  The 
air  becomes  partly  filled  with  dense  vapour  on  a  rapid  fall  of 
temperature.  Now  I  was  telling  you  that  the  change  of  temperature 
does  not  come  out  precisely  as  we  should  at  first  sight  have  expected 
it.  If  the  whole  of  the  work  done  on  the  air  under  compression  was 
convertedintomotionoftranslaiion.thecliangeof  temperature  would 
be  greater  than  we  actually  find  it  to  be,  but  you  can  easily  see  that 
this  is  impossible.  Taking  the  simile  that  I  took  before  of  a 
number  of  billiard  balls  moving  about  and  striking  each  other ; 
then  according  to  their  velocity  a  portion  of  their  motion  will  be 
converted  into  motion  of  vibration  and  a  portion  into  motion  ot 
translation.  The  totai  kinetic  energy  will  be  divisible  into  these 
three  parts — the  motion  of  translation,  motion  of  rotation,  and 
morioD  of  vibration,  and  these  three  parts  you  can  easily  see  will 
likewise  be  in  a  pretty  constant  proportion  to  each  other.  If  we 
increase  the  motion  of  translation,  we  shall  also  increase  the  morion 
of  rotation  and  ofvibradon.  Now  pressure  is  due  only  to  motion  of 
translation  ;  iftherefore  we  increase  the  motion  of  translation,  only  a 
portion  of  that  motion  of  translariou  will  be  converted  into  morion  of 
rotation  and  vibration,  and  therefore  we  shall  find  that  the  increase 
of  temperature  due  to  pressure  will  not  be  so  great  as  it  would  be  if 
the  whole  of  theforcehad  been  expended  in  increasing  the  motion  of 
translation.  It  is  found  that  about  three-fifths  of  the  entire  amount 
of  work  done,  is  spent  in  increasing  the  morion  of  translation,  and 
therefore  increasing  the  pressure  on  the  side  of  the  vessel,  and  the 
remaining  two-fifths  is  spent  in  increasing  the  motions  of  rotation 
and  vibration.    \Ve  may  say,  therefore,  pretty  confidently  that  the 
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I  whole  molecular  kinedcenergy  of  the  mass  may  be  divided  roughly 
liato  these  two  portions,  three-fifths  due  to  motion  of  translation, 
|.8n(l  two.fifihs  due  to  the  other  motions  of  vibration  and  rotation. 
Now  with  these  definitions  of  motion,  of  heat,  and  qf  material 
I  constitution,  we  may  come  to  the  essential  law  of  the  active  con- 
I  version  of  heat  and  force,  which  is  this,  that  throughout  all  nature 

um  total  of  potential  and  kinetic  energy  is  a  constant  quantity, 
I  Wherever  the  potential  is  decreased,  there  is  an  equivalent  increase 
1  of  kinetic  energy  ;  and  wherever  kinetic  energy  is  decreased,  there 
I  is  an  equivalent  increase  of  potential.  I  would  take  an  instance 
I  to  illustrate  this  conversion  of  potential  and  kinetic  energy.  Ima- 
I  gine  that  a  musket  is  discharged  perpendicularly  upwards.  The 
I  fiist  pari  of  the  operation  is  the  conversion  of  the  particles  of  gun- 
I  powder  inlo  a  gas.  The  particles  of  gunpowder  are  all  in  a  state 
I  of  unstable  equilibrium,  and  when  heat  is  applied  to  them  they  bc- 
\  tx>me  converted  into  a  gas.  This  gas  is  in  a  state  of  very  great 
I  density  compared  with  the  air,  and  its  temperature  is  very  high. 
I  The  consequence  is  that  the  pressiire  or  force  on  the  lower  part 
I  of  the  bullet  is  very  much  greater  than  the  pressure  of  the  atmo- 
l  sphere  on  the  other  side,  and  the  bullet  is  therefore  driven  with  a 
I  constantly  increasing  velocity  along  the  barrel  of  the  musket  and 
L  escapes  from  the  muzile  with  a  velocity,  in  an  ordinary  musket, 

ore  than  a  thousand  feet  per  second.  While  the  bullet  is 
[  being  driven  up  the  musket,  the  kinetic  energy  of  the  particles  of 
J  tile  gas  is  being  communicated  to  the  bullet  itself.  The  mole- 
f  xular  kinetic  energy  is  being  converted  into  mass  kinetic  energy. 
I  When  a  bullet  issues  from  the  mouth  of  the  musket  it  possesses  a 

I  considerable  amount  ofkinetic  energy,m  { — l.    As  it  ascends,  it 

■  increases  the  potential  of  gravity  and  at  the  same  time  it  is  ovei> 
Bcoming  the  resistance  of  the  air ;  in  so  doing  there  is  what  is 
I  called  fiiction,  and  this  friction,  as  I  have  already  shown  you,  pro- 
I  duces  heat,  which  is  molecular  motion.  You  have  therefore  two 
Fttlings  going  on  :  the  kinetic  energ}'  of  the  bullet  when  it  leaves 
Iriiie  muzzle  of  the  gun  is  being  converted  into  potential  of  gravity 
J  tad  into  molecular  kinetic  energy,  the  molecular  kinetic  energy  of 
f  "the  musket  bullet  and  the  air.     As  the  bullet  ascends,  its  velocity 
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decreases  until  at  last  it  comes  to  rest ;  the  whole  of  the  kinetic 
mass  ene^y  has  then  been  taken  out  of  it,  and  has  been 
entirely  converted  into  potential  of  gravity ;  that  is.  the  bullet 
raised  to  a  height  from  which  it  is  capable  of  falling,  and 
molecular  kinetic  energy.  It  then  begins  to  descend.  The 
potential  of  gravity  becomes  gradually  reconverted  into  kinetic 
energy  ;  part  of  it  again  is  abstracted  in  the  form  of  resistance  and 
friction,  and  takes  the  form  of  molecular  kinetic  energy,  and  ulti- 
mately the  bullet  falls  to  the  ground.  We  will  suppose  that  it 
falls  upon  an  iron  plate  so  that  its  motion  is  suddenly  resisted. 
If  it  falls  with  sufficient  velocity,  a  leaden  bullet  will  become  im- 
mediately melted  ;  and  this  is  an  instance  of  the  immediate  con- 
version of  mass  kinetic  energy  into  molecular  kinetic  energy  ;  the 
common  motion  of  the  molecules  of  the  bullet  which  they  had  in 
descending,  becomes  suddenly  converted  into  a  relative  motion 
amongst  each  other,  which  is  heat,  and,  therefore,  when  the  heat 
is  sufficiently  great  the  lead  is  melted. 

Another  good  illustration  of  the  law  is  a  consideration  of  the 
nature  of  engines,  which  are  constructed  for  the  purpose  of  con- 
verting heat  into  work.  The  ordinary  steam-engine  is  an  engine  of 
this  description.  A  certain  amount  of  heat  is  available  by  the 
combustion  of  fuel.  The  amount  of  heat  produced  by  a  known 
amount  of  carbon  and  a  given  amount  of  oxygen  is  easily  calcu- 
lable ;  this  heat  is  devoted  to  raising  the  temperature  of  watCT 
above  the  boihng  point,  and  converting  a  portion  of  it  into  steam 
at  high  pressure  of  considerable  density  and  considerable  tem- 
perature. If  that  steam  be  let  in  below  the  piston  of  a  steam-en- 
gine, the  pressure  on  the  upper  part  being  less  than  that  below, 
the  piston  is  driven  upwards  with  a  certain  amount  of  force,  and 
that  force  is  turned  to  any  purposes  for  which  it  is  required,  either 
to  propel  a  steamer  or  a  locomotive  or  to  work  machinery,  so  that 
you  see  a  steam-engine  is  used  for  converting  heat  into  work. 

The  principle  of  the  steam-engine,  however,  is  somewhat  com- 
plicaied  by  the  fact  that  it  involves  the  change  of  the  state  of 
aggregation  of  a  substance,  the  change  of  liquid  into  gas  andag^n 
of  gas  into  liquid.  The  principle  of  the  heat  engine  is  more  easily 
understood  from  a  consideration  of  the  nature  of  atmospheric 
engines. 
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magine  we  have  two  cylinders,  each  with  a  piston  fastened  to 
immoD  piston  rod  a.t  such  a  distance  apsrt  that  when  one  presses 
one  piston  up  to  the  end  of  the  other  cylinder,  there  is  no  com- 
pression in  the  first  one.  Imagine  that  the  amounts  of  gas  in  both 
cyhnders  are  the  same,  but  that  in  one  cyhnder  it  is  partly  com- 
pressed and  in  the  other  not.  The  density  in  the  first  we  call  d^, 
and  in  the  other  d^.  When  the  piston  is  driven  to  the  opposite 
end  of  the  first  cyhnder  the  air  in  it  wilt  be  partly  compressed 
and  the  air  in  the  second  one  will  be  fully  expanded,  but 
when  it  is  driven  back  again  the  second  becomes  partly  com- 
pressed at>d  the  first  one  fully  expanded.  If  the  temperature 
be  the  same  in  both,  and  remain  the  same,  the  work 
of  compression  would  be  exactly  equal  to  the  work  of  ex- 
pansion, but  if  the  temperatures  are  different,  it  follows,  by 
the  well-known  laws  of  gases,  that  the  amount  of  work  will  be 
in  etkch  case  proportionate  to  the  temperature.  Call  the  tern* 
perature  of  the  first  /],  and  of  the  second  t^ ;  and  call  the  work 
required  to  compress  the  one  7c,  and  the  other  Wj,  Then  101  = 
By  the  temperatures,  I  mean  the  absolute  lemperalures. 
Not  the  temperature  above  the  freezing  point  of  water,  but 
the  temperature  above  a  point  173°  below  the  freezing  poinlof  water. 
The  reason  for  choosing  that  particular  temperature,  and  calling 
the  temperature  above  it  the  absolute  temperature  1  shall  not  be 

table  to  explain  to  you  now,  but  you  must  understand  for  the  present 
that  we  chose  that  for  the  sake  of  simplifying  our  formulae.  The 
work  then  will  be  proportionate  to  the  absolute  temperature, 
w^a.  /,;  when  I  press  the  piston  to  this  end  I  am  doing  work  in 
compressing  this  gas,  but  the  expansion  of  the  gas  in  the  other 
cyUnder  assists  me.    The  actual  work  1  employ,  therefore,  will  be 

Ia^ — Wg,  The  actual  heat  which  1  generate  in  the  end  of  the  cyhnder 
will  be  proportionate  to  the  work  1  employ  upon  it.  namely,  iv^  and 
the  actual  heat  which  is  absorbed  will  be  the  work  it  does,  namely, 
tc,  or  a  times  t^ ;  consequently  you  will  see  that  this  equation 
comes  out,  that  the  work  that  I  have  to  employ  is  the  difference 
of  these  two.  The  heat  which  I  impart  to  the  left-hand 
^hnder  is  abstracted  from  the  right-hand,  and  calling  the  heat  H 
>a.--Hi  _  "i-'".  '1-'. 
L 


— 5T— -  = = '  when  the   right-hand   gas 
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pressed  and  the  left  is  exjjanded,  I  have  practically  come  back 
to  the  same  condition  from  which  I  started,  because  these  two 
masses  being  the  same  I  can,  without  doing  any  work,  interchange 
their  temperatures  and  give  back  to  this  one  its  old  temperature, 
and  to  that  one  its  old  tem]ierature.  Therefore  it  follows 
that  the  amount  of  work  that  is  actually  done  is  to  the  amount 
of  work  which  is  imparted  to  this  cylinder  as  the  difference  of 
/j,  and  /,  is  to  Z,,  and  the  amount  of  work  imparted 
to  this  cyUnder  is  equal  to  the  amount  of  heat  il  received  ;  call 
one//]  and  the  other  //„  and  we  have  the  following  results  j  that 
in  order  to  produce  a  given  amount  of  work  w,  we  must  expend 

an  amount  of  heat  such  that  70  =;    H     '~  ^    The  amount  of  work 

we  can  get  is  not  equal  to  the  amount  of  heat  we  are  obliged  lo  em- 
ploy, but  is  equal  to  this  fraction  of  it,  beginning  with  the  absolute 
temperature  of  the  two  gases,  and  being  smaller  in  proportion  as 
those  two  temperatures  are  nearer  to  each  other.  This  is  the  true 
theory  of  all  atmospheric  engines  ;  the  amount  of  work  you  can 
get  from  an  atmospheric  engine  is  not  in  proportion  to  the  amount 
of  heat  which  is  available,  but  depends  likewise  upon  the  tem- 
perature of  the  medium  in  which  you  are  working,  into  which,  in 
fact,  you  have  to  discharge  the  neat.  You  cannot  convert  heat  into 
work  directly — not  the  whole  of  the  heat ;  you  have  to  allow  a  cer- 
tain amount  of  heat  to  pass  into  another  medium,  and  the  fraction 
which  you  can  actually  turn  into  work  depends  upon  the  difference 
of  temperature  of  the  two  me<iia,  and  is  smaller  in  proportion  as 
the  two  media  are  of  the  same  proportion.  It  is  an  advantage 
always,  therefore,  to  work  engines  at  high  temperatures  and  dis- 
charge the  heat  afterwards  at  low  temperatures,  because  the  amount 
of  available  force  is  great  in  proportion  to  the  difference  between 
the  temperature  of  the  heat  you  are  using  and  the  medium  into 
which  you  have  ultimately  to  discharge  your  heated  steam — the 
temperature,  in  fact,  of  your  boiler  and  yout  condenser.  Subtract 
the  temperature  of  the  condenser  from  the  temperature  of  the 
boiler — the  absolute  temperature — and  divide  by  the  temperature 
of  the  boiler,  and  you  get  the  proportion  of  your  heal  which  you 
can  practically  turn  into  work,  and  that  is  the  theoretical  limit  of 
the  efficiency  of  the  steam-engine. 
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still  more  interesting  example  of  ibe  applicalioii  of  heat  to 
I  work  is  seen  in  the  case  of  what  is  called  the  thermo-electric-pile. 
That  consists  of  two  unlike  nietalswhich  are  joined  togetlier  in  such 
I  a  way  that  heat  can  be  applied  to  their  point  of  junction,  and  then 
D  electric  or  galvanic  current  would  pass  from  the  two  free  ends 
through  a  conductor.     I  cannot  enter  into  the  nature  of  the  gal- 
vanic current,  but  it  is  some  form  of  force  and  is  capable  of  doing 
work,  and  is  therefore  kinetic  energy— it  is  either  a  potential  or 
I  kinetic  energy.     It  is  capable  of  doing  work  because  when  heat 
I  is  applied  the  current  passes,  and  work  can  be  done,  and  we  are 
perfectly  certain  therefore  that  a  certain  amount  of  heat  applied 
D  the  point  of  junction  between  two  metals  is  converted  into  work 
which  is  actually  done.     Here  is  a  theraio -electric-pile  which,  in- 
[  itead  of  consisting  of  two  elements,  contains  a  number  joined  to- 
I  gelher  like  the  elements  of  a  galvanic  battery  In  such  a  way  that 
[  the  current  is  increased  by  their  joint  action.     One  of  the  effects 
a  galvanic  current  is  that  when  it  passes  in  a  particular  direction 
with  reference  to  a  magnetic  needle,  it  has  the  power  to  change 
the  direction  of  that  needle  in  opposition  to  the  magnetism  of  the 
earth.     Now  when  a  needle's  position  is  changed  in  opposition 
I  to  ^e  magnetism  of  the  earth,  potential  is  created ;  because  the 
I  magnetism  of  the  earth  has  the  power  of  bringing  a  needle  back 
I  again  into  its  old  position.    This,  therefore,  is  a  simple  means  of 
1  iho'A'ing  that  heat  can  be  directly  converted  into    work.     If  this 
lend  of  the  thermo-pile  be  warmed,  you  will  see  that  the  needle 
\  will  begin  to  move— the  mere  warmth  of  my  finger  is  sufficient 
I  to  set  the  needle  in  motion  against  the  force  of  the  magnet,  and 
I  that  is  lo  produce  potential  or  to  do  work.      The  effect  of  heat 
I  in  producing  work  can  likewise  be  illustrated  at  the  same  time  as 
|4he  effect  of  compression  and  friction  upon  gas.      When   that 
■  needle  is  again  brought  to  rest,  by  working  these  bellows  the  air 
I  b  compressed  and  the  temperature  rises  ;  but  when  il  issues  Grom 
V  the  nozzle,  there  it  expands  and  cools.     If  no  heat  were  lost,  the 
J.Jemperature  at  which   it  issues  from  the  nozile  should   be  the 
ftfame   as   the  temperature  of  the  outside  air,  but  as  a  certain 
Kamount  of  heat  is  gained  by  friction  in  passing  through  the  nozzle, 
Kgrou  will  find  that  the  actual  temperature  of  the  issuing  air  is  some- 
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what  greater  than  that  of.  the  atmosphere,  and  a  motion  therefore 
will  be  produced  in  the  needle,  though  the  effect  is  but  tfery  slight. 
Here  again  is  some  air,  in  a  copper  vessel,  which  has  been  com- 
pressed. After  it  has  had  time  to  cool,  then  its  temperature  on 
expanding  will  fall  below  that  of  the  atmosphere.  When  allowed 
to  issue  from  this  orifice,  it  will  be  slightly  wanned  again  by 
friction,  but  still  its  temperature  will  remain  lower  than  that  of  the 
air,  and  in  this  case  the  needle  moves  in  the  opposite  direction. 

Another  interesting  instance  of  the  conversion  of  heat 
indirectly  into  work  can  be  shown  in  the  case  of  what 
are  called  electro-magnetic  engines,  of  which  I  have  a. 
sample  here.  This  is  not  exactly  the  coaversion  of  heat  into 
work,  but  it  is  the  conversion  of  something  that  we  know,  by 
other  reasons,  to  be  the  equivalent  of  heat,  into  work.  In  a 
galvanic  battery  a  certain  portion  of  metal  is  oxidised,  a  portion 
of  zinc  enters  into  combination  with  oxygen.  If  this  process 
goes  on  directly  under  ordinary  circumstances,  it  produces  an 
equivalent  amount  of  heat  precisely  in  ihe  same  way  as  the  com- 
bination of  carbon  and  oxygen  in  ordinary  combustion.  If,  how- 
ever, the  oxygen  unites  with  the  zinc  in  particular  conditions,  as 
in  this  galvanic  battery,  then  a  portion  of  that  which  otherwise 
would  be  heat  is  converted  into  a  galvanic  current.  The  amount 
of  the  current  is  a  precise  equivalent  of  the  amount  of  heat  which 
would  otherwise  be  produced  by  the  combination  of  the  oxygen 
with  the  zinc,  and  this  current  is  capable  in  turn  of  being 
converted  into  work  by  an  arrangement  such  as  this.  If  the 
galvanic  current  is  passed  round  a  piece  of  soft  iron,  the  iron 
becomes  converted  into  a  magnet,  and  the  polarity  of  the  magnet 
depends  on  the  direction  in  which  the  current  passes  round  the 
iron  ;  when  the  current  passes  in  one  direction,  one  end  would  be 
north  and  the  other  south,  and  when  it  passes  in  the  opposite 
direction  the  first  end  would  be  south  and  the  other  north.  I 
caimot  enter  into  the  details  of  the  construction  of  this  machine 
but  briefly  you  will  understand  it  to  be  this,  that  the  currents 
are  arranged  so  that  when  we  produce  motion  in  the  machine 
certain  pieces  of  iron  in  these  coils  become  converted  into 
magnets,    and    the    magnetism    is    destroyed     as    this     wheel 
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moves  round.  In  one  positioD  these  magnets  attract  the  keeper, 
»nd  in  another  position  they  cease  to  attract  it.  When  the  piece  of 
iron  or  the    keeper  is  opposite  the  coils,  then  the  current  gets 

I  broken  in  such  a  way  that  they  cease  to  attract  it  ;  and  when  it  is 
approaching,  then  the  currents  are  so  arranged  that  they  attract  it. 
In  that  way  the  current  becomes  converted  intp  magnetic 
power  capable  as  you  see  of  pumping  up  water.  The  actual 
available  power  from  such  a  contrivance  is  extremely  small,  and 
for  the  present  there  is  very  little  hope  of  seeing  this  becoming  of 
any  use  in  mechanics  unless  some  discoveries  are  made  which 
rill  render  the  production  of  currents  cheaper,  and  the  amount 

I  of  force  available  from  them  more  considerable. 

The  great  objection  to  Ihem  is  the  relatively  high  price  of 
flic  substance  which  is  consumed  in  order  to  produce  the  force. 
Zinc,  in  fact,  is  burned  in  order  to  produce  this  force  instead 
of  coal,  and  zinc  is  many  times  the  cost  of  coal,  while  the 
amount  of  heat,  or  the  equivalent  of  heat  which  it  evolves  in 
this  way  is  very  inconsiderable  as  compared  with  the  heat 
evolved  from  the  consumption  of  carbon. 

The  Chairman  :  I  am  sure  you  will  all  join  me  in  returning 

I  your  thanks  to  Professor  Guthrie  for  the  extremely  interesting 
lecture  he  has  given  us,  and  for  the  very  ludd  way  in  which  he 

i  lias  explained  bis  subject. 
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Bv  Dr.  Stone. 
July  iith. 


Mr.  W.  Chappell  in  the  Cmaik. 
The  Chairman  :  Ladies  and  Gentlemen,— You  are  well  aware 
that  these  Lectures  are  iu  connection  with  the  Exhibition,  and  that 
they  are  given  by  eminent  men  of  science  gratuitously.  We  shall 
have  the  great  good  fortune  to-night  to  hear  Dr.  Stone,  F.R.C.P., 
as  eminent  in  science  as  he  is  in  his  o^vn  profession.  The 
subject  of  the  lecture  will  be  strings,  monochords,  sirens,  and 
the  electrical  transmission  of  sound.  I  can  only  say  that  all 
Dr.  Stone's  Lectures  I  have  had  the  pleasure  of  listening  to, 
I  have  found  not  only  instructive  but  most  entertaining. 

Dr.  Stone  :  Mr.  Chairman,  Ladies  and  Gentlemen,— In  the  few 
comments  upon  musical  vibration  which  I  propose  giving  this 
evening,  I  shall  follow  the  excellent,  I  may  say  the  unimprovable, 
classification  of  page  i8  of  the  Hand-book.  It  is  almost 
impertinent  for  a  person  like  myself  to  make  this  remark ; 
for  the  introductory  observations  in  that  book  come  from 
the  hand  of  no  less  a  man  than  Professor  Clerk  Maxwell, 
a  man  who  probably,  with  Helmholtz,  stands  highest  in  the 
rank  of  physicists  in  Europe.  He  says,  sjjeaking  of  machines 
generally,  particularly  with  regard  to  acoustical  machines,  that  we 
have  to  consider  vibrations  and  waves  and  the  source  of  those 
vibrations.  He  puts  first  what,  by  a  pardonable  metathesis,  you 
will  allow  me  to  put  last,  the  vibrations  in  air.  He  considers  in 
order  strings,  membranes,  plates,  rods,  and  what  he  terms  distri- 
butors, and  among  distributors  air.    It  is  of  course  impossible 
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in  the  short  lime  at  my  disposal  (although  I  propose,  and  I 
tell  you  so  frankly  at  the  beginning,  to  tax  your  patience  very 
considerably  in  case  the  experiments  should  require  a  little  time), 
to  give  an  outline  of  al!  the  modes  of  producing  sound.  It  there- 
fore occurred  to  me  thai  I  should  do  well  to  bring  before  you  to- 
night certain  less  familiar  modes;  certain  more  scientific  methods 
— methods  which  do  not  come  into  the  range  of  music ;  what  one 
may  term  the  experimental  modes  of  eliciting  and  measuring 
sound. 

I  will  leave  the  musical  portion  out— a  portion  which  you  very 
naturally  would  appreciate  more,  and  which  I  should  have 
pleasure  in  dealing  n-ith— till  another  opportunity;  but  this 
evening  I  hope  you  will  allow  me  first  to  make  a  few  remarks  on 
monochords,  rods,  tuning-forks,  and  sirens.  There  is  a  second 
part,  which  I  hope  the  inexorable  clock  will  allow  me  to  give  you, 
upon  resonators  or  modes  of  transmitting  sound,  telephones  for 
instance;  perhaps  I  might  have  specified  more  distinctly  in 
ihe  title  of  the  lecture  what  exactly  1  intended  to  state.  I  find  in 
Professor  Maxwell's  excellent  Hand-book  that  distributors  are 
placed  in  Ihe  same  classification,  and  rightly  so,  with  resonators ; 
therefore  the  subject  of  my  lecture  will  rather  be,  technically 
given,  Producers  and  Distribuiors. 

Ifcfore  I  proceed  to  speak  of  any  of  these  modes  of  producing 
or  distributing  sound,  1  feel  bound  to  make  a  few  remarks  on 
vibration  itself.  1  have  to  deal  with  the  most  trivial,  the  lowest, 
the  meanesi,  the  simplest  form  of  vibration  with  which  physicists 
are  occupied.  In  return,  I  believe  it  is  a  form  of  vibration  which 
has  more  power  of  causing  emotion,  more  power  of  stirring  the 
heart,  more  power  of  changing  the  character,  more  power  of  making 
a  man  a  good  man,  a  thoroughly  honest  and  friendly  man,  an  ap- 
preciative man,  a  resonant  man,  if  you  like  to  say  so,  than  any  other 
form  of  vibration.  Now  this  coarse  vibration  I  have  to  speak  of 
to-day — is  merely  vibration  in  the  ordinary  atmosphere  in  which 
we  all  live  and  breathe  and  have  our  being  ;  it  is  not  a  vibra- 
tion in  ether,  in  an  imaginary  fluid — 1  will  hardly  say  imaginary, 
but  perhaps  I  may  say  a  hypothetical  fluid — it  is  in  a  tangible 
substance  which  weall  want  15  or  16  times  a  minute  and  without 
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which  we  cannot  live.  We  touch  very  closely  here  upon  light, 
but  we  need  not  go  into  those  more  recondite  problems  —  the 
vibrations  coincide  indeed,  but  they  also  coincide  with  the 
pendular  \-ibraiions  we  all  know  very  well  as  mathematical 
theorists.  What  I  want  to  show  you  first,  if  I  iMSsibly  can,  is  the 
nature  of  vibration  compounded  in  different  ways,  and  which 
rises  from  llie  form  which  we  have  to  discuss  lo-night  up  to 
higher  and  grander  forms  which  those  wlio  work  with  light — and 
which  perhaps  those  some  day  will  include  who  have  to  deal  with 
that  still  more  subtle  vibration  (for  vibration  1  believe  it  to 
be),  Electricity.  We  have  in  this  Exhibition  many  means 
of  demonstrating  harmonic  motions.  Several  of  these  will  come 
under  the  notice  of  a  more  competent  person  than  myself. 
Prof  Barrett,  of  Dublin,  who  propuses  to  show  you  their 
composition.  All  I  shall  hope  to  do  is  to  demonstrate  the 
composition  of  harmonic  motion  in  two  instances  ;  in  the  first 
place  in  the  case  of  a  string,  and  in  the  second  place  —  if 
I  can  accomplish  it,  but  I  must  admit  here  from  the  beginning 
that  the  accomplishment  of  this  my  wish  is  difficult  —  in  the 
shape  of  light,  as  thrown  from  vibrating  reeds.  As  regards 
simple  vibrations  I  have  very  little  to  fear.  There  is  here, 
from  a  Swedish  source,  a  mode  of  showing  it  which  is  almost 
if  not  entirely  perfect.  You  must  remember  that  waves  of 
sound  are  alternate  periods  of  rarefaction  and  condensation, 
and,  unlike  light,  they  are  not  transverse  to  the  medium  in  which 
theyare  transmitted,  but  they  are  directly  in  the  course  of  the  ray, — 
as  I  speak  to  you  every  vibration  is  going  in  a  series  of  alternate 
condensations  and  rarefactions  from  my  inefficient  mouth  to  your 
very  efficient  ears.  This  we  can  more  or  less  reproduce  by  me- 
chanical means,  but  I  have  never  seen  it  nearly  so  well  as  in  this 
machine. 

Here  are  a  number  of  levers  actuated  by  cams,  and 
a  means  of  turning  them  at  different  rates.  If  time  allowed  me 
I  would  dilate  upon  its  construction,  because  it  is  very  interesting 
and  contains  the  whole  essence  of  theory,  but  you  must  permit 
me  on  this  occasion  to  show  you  merely  what  happens.  To 
my    mind   it    is    much    more    than   a   mere  demonstration.      I 
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^V  teem  to  see.  as  my  eyes  look  over  it,  the  aliernaie  periods  of 
condensation  and  rarefaction,  and  it  is  these  vibralions  which 
I  hope  in  one  form,  and  that  only  the  roughest,  to  bring  before 
you  ;  but  this  Swedish  machine,  which  I  believe  is  due  to  Baron 
Von  Riel,  gives  you  a  most  admirable  idea  of  sound  vibralion. 
e  end  of  the  line  is  the  speaker,  and  at  the  other  the  hearer, 
«nd  between  speaker  and  hearer  go  these  various  lines  repre- 
lenting  the  layers  of  condensation  and  rarefaction. 

After  this    I  can    go  one    stage   farther  in    speaking   of  pure 

vibrations,    by  showing   you   the  vibration   of   a   string   under 

one  or  two  impulses.     Here  is  a  lax  string  which    is  put  in 

front    of   a    black    screen,    so    that   yoti    may   the    more   easily 

e  it,  and  I  have  the  power  of  setting  one  end   of  it,    indeed 

both  ends,   into  vibration  by  means  of  electricity.    The  string 

is    vibrating    under    the     influence     of    a    spring    driven    by 

galvanism    and    the    galvanic    current    forming     the    vibration 

IB   of  a  less  period  than   that  of  the   string  itself.     Therefore 

if    you    look    closely,    you    will    find    the     string    is     divided 

by  a   node  in   the  middle.     There    is    a    very    large    vibration 

this  end,   then   comes    the    node,    and    at   the  other  end 

similar  vibration ;    in    fact,    that   string  is   speaking  its   octave ; 

s  forming  a  harmonic  in  the  middle,     But  I  can  do  more  ;  I 

can  produce  in  the  string  a  second  vibration,  of  which  I  have 

■  Ihe  power  of  altering  the  plane.  The  string  is  still  vibrating 
'  1  two  segments,  but  1  can  turn  this  end  round  in  a  rectangular 

■  direction,  and  now  instead  of  producing  as  it  was  before 
linear,  it  is  producing  elliptical  vibrations.  If  you  look 
at  it  now  you  will  see  it  is  forming  elliptical  figures, 
the  ellipse  being  equivalent  in  the  major  and  minor  axes  to  the 
powers  I  am  using  at  the  two  ends.  I  shall  have  to  refer 
to  this  experiment  later  on. 

I  have  next  to  speak  of  strings.  Strings  were  the  earliest 
source  of  sound  used.  In  fact,  they  were  used  infinitely  more 
early  in  the  world's  history  for  acoustic  experiments  than  any 
other  mode  of  producing  sound.  Old  tradition  assigns  these 
detenni nations  from  the  length  of  the  string  to  Pythagoras,  but 
our  excellent  chairman  Mr.  Chappell,  whose  erudition  in  matters 
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of  ancient  music  is  beyond  that  of  any  man  living,  has  shown 
that  Pythagoras  diii  not  so  much  originate  the  idea  of  the 
vibration  of  strings  as  he  imported  it  from  Egypt,  or  perhaps 
even  from  Babylon.  No  doubt  in  ancient  times,  for  the 
antiquity  of  Eg>'pt  and  Babylon  is  very  far  antecedent  to 
anything  we  in  these  modern  days  can  trace,  many  such  dis- 
coveries were  made,  lost,  and  forgotten,  and  were  then 
re-discovered  in  later  times.  I  should  be  sorry  to  speak  lightly 
of  so  honoured  a  name  as  that  of  Pythagoras,  but  I  entirely  be- 
lieve what  Mr.  Chappell  has  proved  ;  that  Pythagoras  having, 
as  is  admitted  on  all  hands,  travelled  in  the  East,  had  there 
gathered  many  forms  of  science,  and  amongst  others  the  divisions 
of  the  octave.  Certainly  in  Euclid's  time — but  in  Euclid's  time  we 
are  speaking  of  a  rather  late  period,  because  Euclid,  great  as  he 
was  as  a  mathematician,  as  a  classic,  is  somewhat  late — it  is 
recorded  that  the  seclh  camnis,  which  meant  the  monochord, 
was  well  known  and  distributed  over  Greece.  But  no  doubt 
Greece  borrowed  from  her  Oriental  predecessors.  Now, 
laking  the  monochord  as  we  find  it  in  Euclid's  rime,  we  find 
a  very  great  advance.  Every  one  probably  knows  that  the 
|iitch  of  a  string  is  inversely  to  its  length;  it  is  inversely  as 
the  square  root  of  its  tension,  and  to  this  I  shall  have  to 
advert  again.  It  is  inversely  as  the  square  root  of  its  mass  ; 
and  the  forces  which  stretch  the  string  are  proportional  to 
the  secrional  area  of  such  a  string.  This  goes  rather  beyond 
our  present  subject,  although  I  hope  to  take  it  up  when  I 
speak  before  a  class  of  science  teachers.  The  relation  of 
length,  however,  we  may  very  well  consider  here.  Probably 
roost  of  you  know  that  if  you  halve  a  string  in  the  ratio  one 
to  two,  you  gel  the  octave  ;  if  you  take  the  ratio  of  2  to 
3,  you  get  the  sth  ;  if  you  take  the  ratio  of  3  to  4,  you  get 
the  4th.  The  ratio  of  4  to  5  gives  you  the  major  third, 
and  the  rario  of  5  to  6,  the  minor  third.  Now  here  we 
have  all  the  important  intervals  of  the  octave  in  a  very  easily 
recollected  form,  I  to  s,  2  to  3,  3  to  4,  4  to  5,  and  5  to  6. 
It  is  true  thai  these  are  not  all  the  intervals  of  the  octave,  but 
all  the  other  intervals  may  be  obtained  by  inversion.     The  4tli 
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i  very  simple,  you  merely  exchange  the 
s  an  inverted  major  third,  and  you 
ith  19  the  inverted  minor  3rd,  and  you 
These  are  all  the  consonant  intervals 


(Sb  an  inverted  5th ;  that  i; 
figures ;    the   minor  6th    i 
take  5  to  8 ;  the  majoi 
take  the  ratio  of  3  to  5. 
in  an  octave. 

As  to  how  far  these  have  been  experimentally  and  instrument- 
ally  demonstrated  is  the  next  point.     Euclid  had  the  monochord  ; 
,  il  is  not  a  very  difficult  thing  to  make.     He  had'  createti   the 
■:niethod  by  which  he  was  able  to  work  out  all  these  determina- 
[tions ;  but  in  modern  times  until  the  lime  of  Galileo,  as  you  will 
E  given  in  Mr.  Chappell's  book,  the  question  seems  to  have 
lumbered.    Galileo  was  certainly  never  brought  before  the  Jnquisi- 
ion  for  his  division  of  the  octave,  although  he  was  for  other 
;  but  bis  division  of  the  octave  has  remained  as  tnie,  as  great, 
B  eternal,  as  much  a  matter  of  human  learning  granted  by  the 
f  powers  on  high,  as  though  he  had  never  been  assailed  by  any  in- 
E'guisition  on  the  face  of  the  globe.     However,  we  have   a  long 
rap  from  Euclid  to  Galileo,  and  then  comes  another  long  gap 
^Dtil  this  monochord  was  practically  utilised,     I  think  I  may  say 
Ltiuit  the  first  instrument  which  practically  utilised  the  monochord 
e  shown  in  the  Exhibition  below,  but  unfortunately  it  being 
I  private  loan,  I  am  not  able  to  exhibit  it  here  to-night.     I  mean 
Efae  monochord   of  Broderick  and  Longman,  which  dales  from 
inore  than  100  years  ago.  and  is  recommended  to  private  players, 
1  means  of  tuning  their  harpsichord.     Thai  shows  very  well 
the  antiquity  of  it.    A  most  interesting  mode  of  getting  the  string 
"vided  according  to  the  regular  division  of  the  octave  it  is  in 
tnctice,  and  you    could    by  a  moderate   amount   of  ear  have 
hined  your  harpsichord   very  much  better  than  it   would  have 
")een  done  by   any  perambulating  tuners  of  those  days ;  but 
e  can  now  get  more  accuracy  than  that 

Then  1  have  to  name  the  father  of  enharmonic  music, 
t  Thomson  ;  who,  from  first  to  last  in  the 
&bri cation  of  his  magnificent  instrument — for  in  its  day 
was  magnificent  and  it  remains  sole  and  single  to 
.  day— preferred  to  use  the  monochord;  not  in  the  ordinary 
n  in   which  the  tension  is  obtained  by  means  of  wrest  pins 
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and  pressures  which  you  canoot  nieasure,  dq>ending  on  the 
muscakr  force  of  the  aim,  but  on  the  use  of  wei^ts.  I 
believe  the  weighted  monochord  is  sdll  the  best  mode  of 
obtaining  on  demand  a  given  number  of  vibrations  in  a 
certain  time,  that  is  to  say,  in  a  second.  This  I  could  not 
without  mach  more  time  than  is  at  my  disposal  demonstrate  to 
you,  but  I  can  illustrate  it.  The  weight  which  is  to  stretch 
the  cord  rises  by  squares,  not  in  natural  numbers ;  so  you 
have  always  an  advantage  in  stretching  a  string  by  a 
weight  because  its  errors  will  be  measured  by  their  square 
roots,  so  they  will  be  small  quautides.  I  have  here  a  thin  string 
stretched  by  a  small  weight,  so  small  that  it  hardly  gives  a  musical 
tone.  I  add  one  graduated  weight  to  it  and  it  goes  up  a  httle,  but  it 
is  still  a  moderate  tone.  Remember  if  I  were  screwing  away  here  at 
this  pin,  I  should  be  laising  it  most  rapidly  and  without  knowing 
exactly  what  I  was  doing,  but  with  weights  I  not  only  know 
what  1  am  doing,  but  the  square  root  of  what  I  am  doing.  I  am 
dealing  with  very  diminished  increments.  I  will  add  anoiher  toler- 
ably heavy  weight ;  it  goes  up  about  a  tone.  So  you  see  soiall 
errors  in  the  weight  are  very  easily  neglected,  and  the  net 
result  is  more  likely  to  be  true,  in  the  ratio  of  the  square  root 
to  the  natural  number. 

Now  single  observers  have  often  gone  before  their  time,  and 
1  think  there  are  few  one  could  name  who  have  been  less  appre- 
ciated during  their  lifetime  than  the  next  I  have  to  mention, 
I  mean  Mr.  Griesbach.  Through  the  kindness  of  Mr.  Chappell, 
we  have  a  splendid  exhibition  of  Mr.  Griesbach's  instruments 
here.  Griesbach  not  only  measured  in  days  when  measurement 
was  little  understood,  but  he  reproduced  graphically  on  a  sheet 
of  paper  the  measurements  that  he  made.  Here  is  the  original 
instrument  with  which  he  did  it.  He  had  a  heavy  string,  and 
there  I  most  heartily  agree  with  him,  not  only  because  the 
string  was  heavy  and  gave  slow  vibrations  which  could  be 
counted,  but  because  I  think  we  rather  neglect  the  lower  tones. 
The  string  he  used,  a  heavy  double-bass  string,  was  the  one 
on  which  these  mathematical  relations  could  be  most  easily 
determined;    at   any   rale,  easy    or    difficult,    he    did    detci- 
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ine  them.  He  had  a  rotating  bow  of  horsehair  run- 
niDg  round  two  pulleys ;  with  this  he  could  bring  the  siring 
into  perpetual  and  steady  vibration,  and  could  estimate  the  curves 
formed  by  it.  This,  I  believe,  was  the  earliest  instrument  of 
accuracy  and  value  since  the  time,  perhaps,  of  Pythagoras,  but 
certainly  of  Galileo.  We  have  a  simpler  plan  in  these  later  days 
of  keeping  up  the  vibration  of  any  string  whose  natural  ten- 
dency is  to  evanesce  and  fade  away,  by  the  use  of  galvanism. 
'It  is  almost  too  simple  to  require  demonstration,  but  this  is  an 
linstrument  provided  for  the  purpose.  Here  is  a  common 
electric  belt,  an  aluminium  b.ir  attached  to  it,  and  a  coric 
covered  with  leather.  If  1  merely  set  it  going  with  the  finger,  it 
;WiU  produce  only  a  momentary  vibration  in  the  string,  but  by 
Qie  galvanic  current  we  can  produce  permanent  vibration,  and 
be  able  to  measure  the  tone  which  it  gives. 

anxious  as  lime  is  running  on,  to  proceed  to  another 
^iplication  of  the  same  principle.  We  can  excite  strings  by 
Mriking  ;  we  can  produce  approximate  permanence  in  their 
•ounds  by  bowing;  there  is  a  third  mode  of  exciting  vibration, 
which  has  only  lately  attracted  its  proper  attention,  but  that 
I  leave  to  a  person  infinitely  more  competent  to  explain  it  than 
myself,  I  mean  Mr.  Baillie  Hamilton.  He  has  shown,  and  I 
think  very  brilliantly  shown,  that  by  the  impact  of  air  upon 
brating  string,  whether  through  the  medium  of  a  reed  or  by 
means  directly  of  the  air  itself,  it  can  be  put  into  permanent 
vibration,  and  can  be  used  to  produce  an  exceedingly  smooth, 
powerful,  and,  if  I  may  use  the  word,  musical  quality  of  tone. 
Monochords  can  be  bowed,  or  wc  can  do  as  we  do  on  the 
fiddle,  play  pizzicato,  a  well-known  thing  with  musicians;  and 
90  produce  approximate  permanence  of  tone.  I  have  to  point 
more  closely  to  what  you  get  when  you  pluck,  bow,  or  other- 
wise excite  the  string.  You  get  numerous  upper  partial  tones, 
ind  those  upper  partial  tones  depend  firstly  on  the  nature  of 
the  stroke.  That  is  very  easily  shown.  I  am  here  quitting 
from  Helmholtz.  Take  your  nail  and  you  get  a  very  nasty  sharp 
sound ;  take  the  pad  of  your  finger  and  you  get  a  much  sweeter 
sound,  or  you  nuiy  strike  the  string  with  a  hammer  as  is  done 
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contmonly  in  pianos  and  iostniroents  of  that  kind.  But  the  tone 
depends  directly  on  the  density,  rigidity,  and  elasticity  of  the 
strings.  It  has  been  found  out  by  pianoforte  malceis  that 
if  }ou  strike  the  strings  in  a  ptaiticular  place,  about  one  ei^th  or 
one  ninth  from  the  extremity,  you  exclude  certain  disagreeable 
harmonics  and  get  a  much  sweeter  quality 

Now  these  peculiar  conditions  of  vibration  produced  in  a  string 
have  been  exceedingly  well  examined  and  illustrated  by  Helmholtz. 
He  has  formed  what  f  cannot  demonstrate  here,  because  it  is  a 
thing  to  be  seen  individually;  a  vibration  microscope.  It 
is  not  difficult  to  understand.  If  you  take  the  object  glass 
of  your  usual  microscope,  and  instead  of  &xing  it  rigidly,  fix 
it  to  one  end  of  a  tuning  fork,  you  obviously  give  it  vibradon 
which,  although  in  a  circular  arc,  is  in  to  short  a  circular  arc, 
that  it  may  be  [aken  within  small  limits  as  being  in  a  right 
line — a  line  at  right  angles  lo  the  prong  of  the  fork.  You  then 
apply  this  to  a  string,  the  vibrations  of  which  are  in  a  transverse 
direction,  and  you  produce  a  compound  figure  formed  of  two 
small  straight  lines,  and,  therefore,  practicallj'  a  composition  of 
rectangular  vibrations.  This  rectangular  vibration  has  been 
produced  in  infinite  ways  with  much  ingenuity.  In  this  par- 
ticular exhibition  there  is  Messrs.  Tisley  and  Spi Iter's 
apparatus ;  there  is  the  old  apparatus  of  Sir  Charles  Wheat- 
stone  ;  there  is  an  apparatus  by  Professor  Donkin,  of 
Oxford,  and  here  is  Mr.  Pichler's  apparatus.  Mr.  Pichler 
combines  two  resonatmg  reeds  vibrating  in  the  same  period,  or 
not  in  the  same  period,  according  as  you  choose,  producing  sound 
of  the  same  pitch  or  not  To  each  is  attached  a  mirror  illumi- 
nated by  means  of  the  oxyhydrogen  light.  On  the  screen  you 
will  see  figures  more  or  less  homogeneous  and  regular,  according 
as  ihey  are  in  simple  ratios  to  one  another  or  not.  While  this 
is  getting  ready  1  will  shuw  you  another  simple  experiment,  due 
to  Helmboltz,  which  does  not  require  so  much  the  instrumental  aid. 
I  wish  to  show  that  in  an  instrument  depending  on  con- 
sonance and  resonance,  the  resounding  body  whicJj  is  affixed  to 
the  siring  is  consonant  in  a  definite  period  to  the  string  itselC 
Helmholti  has  found  that  if  you  blow  into  the  body  of  a  good 
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fiddle,  and  1  think  this   I   may  honestly  say,  although   I  am   the 

fortunate  possessor  of  it,  is  a  good  violin,  you  get  a  certain  note ; 

if  you  blow  into  the  body  of  a  tenor,  which  is  meant  to  speak 

I   a  little  lower,  you  get  a  somewhat  lower  note.     There  is  a  wind 

chest  here,   and  1  propose  to  show  yoii   the  different  notes  in 

I   which  they  speak.    Any  musician,  I  think,  will  be  able  to  recog- 

as  a  more  or  less  musical  note,  and  Helmholtz's  experi- 

I   ments    show   thai  the    tenor   speaks   with  a   lower  note.     On 

trying  the  two  I  think  there  is  no  question  about  it.     Helmholtz 

•ays  the  tone  of  (he  fiddle  is  one  whole  note  above  the  tone 

I-  of  the  viola,  and  you  wHIl  agree  with  him  that  it  is  so. 

Now  I  will  ask  you  to  look  at  this  image  on  the  screen.  There 
B  first  a  single  linear  vibrarioo.  and  then  a  vibration  in  the 
I  transverse  direction.  Then  you  have  ihem  together,  and  see  two 
I  ellipses  rapidly  evolving.  Here  you  get  beats  corresponding 
[  to  difference  of  vibration.  After  that  beautiful  demonstration 
I  which  combines  the  eye  and  the  ear  in  one,  1  may  also 
«  you  some  charming  figures,  which  Messrs.  Tisley  and  Spillcr 
have  succeeded  in  producing,  but  I  know  no  process  which 
\  nmultaneously  shows  to  the  eye  and  the  ear  Ihe  coincidence  and 
|discord  of  sound  vibrations  like  that  of  Mr.  Pichler. 

We  have  to    think  next  of  vibration  of  rods,  bars,  and  tuning 
l&rks. 

These  are  exceedingly  little  used  in  what  is  termed  arrisdc 
[:  music.  When  a  bar  is  struck  it  is  apt  to  give  extremely  high 
f  upper  partial  tones.  When  it  is  supported  at  two  points  they  are 
I  somewhat  less,  and  we  get  the  ordinary  harmonicon,  a  dreadful 
I  thing,  although  certainly  used  by  no  less  a  writer  than 
I  Mozart  I  have  here  a  bar  of  steel,  a  somewhat  heavy  one.  and  if 
Ll  hold  it  in  the  middle  anil  strike  it  with  a  hammer,  we  shall  obtain 
i-flic  fundamenUl  tone  and  some  exceedingly  high  persistent  har- 
tmonics,  many  octaves  above  the  fundamental  note  of  the  bar.  1  do 
loot  think  this  simple  experiment  is  quite  appreciated,  namely,  the 
e  of  a  bar  of  highly  elastic  material  (glass  will  do.  but  steel  is 
I  better)  to  show  the  enormously  high  harmonics  thus  produced; 
use  of  a  bar  like  this  will  explain  a  great  deal  that 
lany  persons  find  difficult  in  Helmholtz's  beautiful  demonstra- 
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tions.  The  upper  partial  tones  are  many  octaves  above 
the  foundation  note  which  is  given  by  sinking  the  bar  across  ; 
in  fact,  I  know  nf  no  better  plan  of  producing  extremely  high 
notes.  Glass,  stone,  even  wood,  almost  anything  will  produce 
a  tone.  Here  are  a  number  of  bits  of  wood  that  you  may 
throw  on  the  floor,  and  as  each  is  thrown  down  it  produces 
its  own  tone  very  distinctly,  but  we  can  go  beyond  this.  We 
may  actuate  a  piece  of  steel,  or  metal,  or  glass,  or  wood,  by 
means  of  a  bow,  and  then  we  attain  that  curious  instrument, 
shown  in  the  Exhibition,  belonging  to  Mr.  Carl  Engel,  termed 
the  "nail  fiddle."  I  do  not  suppose  the  nail  fiddle  will  ever  be 
competent  to  play  Beethoven's  symphonies,  but  it  is  a  very 
curious  fact  in  the  history  of  musical  sounds. 

By  sticking  a  few  tenpenny  nails  into  a  circular  piece  of  wood 
and  bowing  them  with  a  fiddle  bow,  you  can  produce  a  complete 
series  of  sounds  ;  or  you  may  attach  each  piece  of  metal  by 
a  spring,  thus  making  it  into  a  musical  box,  some  of  which 
produce  harmonies  very  far  from  being  contemptible ;  or 
you  may  excite  it  partially  by  wind,  and  partially  by  the  finger 
as  in  the  old  Jew's -harp.  This  course  is  carried  to  the 
highest  limit,  where  I  must  for  the  moment  leave  it,  in  the 
harmonium. 

I  will  now  take  you  back  to  tuning  forks  which  form  a  great  part 
of  the  experimenter's  apparatus.  They  may  be  looked  upon 
simply  as  double  vibrating  rods.  This  rod  which  I  have  here,  I 
have  to  keep  vibrating  by  my  own  power  of  excitation.  1  add 
another,  which  balances  those  vibrations  by  vibrations  in 
the  opposite  direction,  and  we  can  dispense  with  the  need 
of  a  firm  fixture.  They,  like  the  rods,  have  extremely  high 
harmonic  se<  ondary  tones,  and  they  are  amongst  the  instruments 
whose  use  has  extended  from  sound  to  other  branches  of  physics. 
Therein  they  deserve  the  greatest  honour.  Here  is  a  munifi- 
cent tuning-fork  chronograph,  lent  us  by  the  French,  in  which  it 
has  been  utilised  for  measuring  small  intervals  of  time.  You  are 
perfectly  certain  when  you  use  this  fork  that  it  is  vibrating  at  rao 
or  250  times  in  Ihe  second,  or  whatever  it  may  be,  and  it  will  not 
alter    from    that,    therefore    you    are    entirely    independent    of 
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any  mechanical  errors  in  your  recording  apparatus.  Ami  see 
what  an  enormous  advantage  you  gain  here  from  ihe  humble 
and  despised  department  of  sound.  You  have  a  fixed  measure 
which  will  record  its  measurement  upon  your  Itlackened  cylinder, 
without  any  fear  of  the  fly-wheel  moving  too  fast,  or  lial  the 
weight  may  be  too  heavy;  in  fact,  all  those  difficulties  which 
involve   tu    them    the  instrumental    troubles  of  making  experi- 

Alonc,  of  course,  tuning  forks  have  a  very  feeble  tone, 
but  when  combineil  with  a  resonant  chamber  of  the  proper 
i\m,  they  give  a  very  powerful  note.  If  I  take  an  ordi- 
nary tuning  fork  you  will  hardly  hear  it,  but  when  1  place  it 
close  to  a  resonant  chamber,  (here  is  no  mistake  about  it. 
They  can  also  be  combined  with  a  string.  The  weak  point 
of  tuning  forks  is  the  very  evanescent  character  of  their 
sound.  That  can  partly  be  got  over  by  bowing  them,  but  they 
require  to  be  bowed  ver^'  vigorously,  and  the  experiment  is  not 
ver)-  successful.  A  l>etter  plan  is  to  galvanise  ihem,  and  for  that 
purpose  there  is  an  instrument  here.  Here  is  a  tuning  fork  having 
on  the  upper  prong  a  wire  which  dips  into  a  mercury  vessel ;  when- 
ever it  comes  down  it  closes  the  circuit,  and  thereby,  this  electro- 
magnet at  the  side  is  brought  into  action  and  lends  to  pull 
it  open.  As  it  pulls  it  open,  it  draws  away  the  wire ;  the 
contact  ceases  to  be  made ;  but  by  its  own  vibrating  power 
the  fork  falls  liack  ^ain,  makes  contaa  and  gets  another  pull,  so 
that  the  tuning  fork  is  always  excited  synchronously  with  its  own 
vibration  independently  of  other  excitation,  and  thus  is  a  very 
food  means  of  transferring  vibration  even  to  long  distances  from 
itself  This  has  been  utilised  extremely  well  by  Helmholtz.  I 
cannot  show  you  his  mechanical  arrangement  for  reproducing 
sounds  ;  indeed  I  can  only  allude  to  it.  He  proves  that  the  vowel 
sounds  differ  from  one  another  by  the  presence  of  extremely  high 
harmonics,  and  be  combines  together  a  series  of  tuning  forks 
so  that  those  high  harmonics  which  accompany  each  vowel  are 
produced  by  the  mechanical  combination.  How  startling  the 
effea  is  I  can  speak  from  experience,  the  starting  out  of  the 
pccidiar  vowel  sounds  a.  e,  i,  o,  and  u,  is  something  unexpected 
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aaAing  aB  Ihc  boles  bkm  oa  one  amodicr;  sbll  die  sonad  is 
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iimi  aa  rcdc^lKated  \ty  Hetanbolti.  Here  is  the  gn^aal 
MCB,  aod  here  is  that  wliidi  was  used  by  HAnboht, 
the  pnactpal  instmmeitt  in  detdmining  the  njMditjr  of  the 
•ibnUioD  of  •Otind.  I  Iu>-e  in  it  two  sirens  so  adjusted  that  1 
can  uae  citfaa-  or  both.  When  put  in  motioa,  you  first  hear  a 
growl  which  giadually  rises  in  intensity  until  we  get  to  the 
duiactci  of  a  omsical  note.  With  the  same  siioi  we  can 
get  several  notes,  &om  a  series  oi  9,  iz,  15,  and  16  holes. 
These  you  wilt  easily  realise  by  means  of  theii  ptuper  sound. 
And  I  have  the  same  thing  on  the  lower  disc,  only  with 
somewhat  ditferent  numbers.  Time  woulJ  fail  to  go  into  all 
the  applications  of  this  very  important  instrument     1  can  produce 
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on  it  the  common  chord ;  1  can  also  produce  not  only  harmony 
but  every  variety  of  discord. 

The  reinforcement  of  sound  is  almost  as  important  as  its 
production.  Not  only  in  sound,  but  in  every  vibrational  motion, 
reinforcement  is  of  importance.  We  all  know  the  child's  swing; 
every  time  it  comes  to  you,  if  you  give  it  a  push  it  receives  a 
greaterimpulse.  Vou  find  the  same  result  under  many  other  con- 
ditions. In  bell-ringing,  for  instance.  I  remember  in  olden  days 
when  the  bells  were  rung  in  Magdalen  Tower,  on  the  ist  of  May, 
if  you  were  standing  on  the  top  with  the  whole  peal  of  twelve  bells 
ringing  together,  the  tower  swung  about  like  a  ship  in  a  gale.  It 
would  not  do  that  under  any  force  impressed  upon  it,  except  a 
vibratory  force.  Generally  speaking  all  sounding  bodies  also  rein- 
force, and  some  of  them  have  been  well  termed  in  the  Handbook 
"distributors "by  Professor  Clerk  Maxwell,  There  isagain  a  con- 
dition under  which  bodies  will  single  out  particular  sounds,  and 
here  is  the  most  importanl  branch  of  the  science  of  sound.  Helm- 
holt*  has  studied  this  with  great  care.  If  you  take  an  ordinary 
violin  and  hold  it  near  your  ear,  with  all  these  miscellaneous 
sounds  from  the  siren  going  on,  you  will  find  the  violin  speaks 
to  some  sounds  and  not  to  others ;  it  likes  some,  and  dislikes  others, 
and  probablj'  it  is  very  right ;  you  do  the  same  yourself.  It 
reinforces  certain  sounds  and  leaves  out  certain  others.  In  a 
pianoforte  tiie  same  thing  occurs,  if  you  take  up  the  pedal  and 
let  the  strings  speak,  they  will  reinforce  any  sound  you  sing  or 
speak  into  it  with  great  vigour ;  but  perhaps  nothing  is  more 
remarkable  than  taking  simply  the  top  of  an  ordinary  hat.  If 
you  go  to  the  opera  into  the  gallery,  where  the  sound  comes 
up  in  great  purity,  and  simply  put  your  finger  on  the  top 
of  your  hat,  you  will  find  the  difference  between  consonant 
and  dissonant  sounds ;  when  a  powerful  consonant  sound 
comes  from  the  orchestra,  the  top  of  your  bat  will  vibrate  so 
powerfully  as  almost  to  throw  your  finger  off.  It  has,  in 
fact,  a  preference  for  certain  sounds  ;  it  has  a  view  of  its 
own,  and  that  view  it  very  properly  reinforces.  This  has 
been  worked  out  by  Helmholu  exceedingly  well  in  what  are 
termed    resonators.     For    the    external     membranes    which    he 
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originally  used  be  substituted  later  the  tjonpanun)  of  the 
ear.  By  taking  lubes  of  various  dimensions  you  can  rdnforoe 
any  sounf).  I  have  a  Tesonator  here  which  speaks  at  the  pitd)  of 
F,  and  you  nil!  nnd  if  my  voice  goes  as  high  as  F,  the  soimd  is 
powerfully  reinforced  when  you  have  this  resonator  applied  to 
your  ear.  I  think  it  is  worth  while  distributing  some  of  these 
amongst  the  audience  \  it  will  be  found  that  you  will  bear  a 
sound  reinforced  by  each  resonator  when  another  is  not  aifeded- 
'("he  infiettion  of  ordinar)-  speech,  of  course,  passes  through  a 
number  of  consecutive  nutes  without  any  distjact  interval,  ana 
the  resonator  will  pick  out  the  one  to  whidi  it  resounds.  We 
have  two  or  three  very  good  series  indeed  of  these  resonators 
in  the  Exhibition. 

As  to  the  real  objective  existence  of  these  partial  tones,  thus 
picked  out  by  reinforcement,  there  has  been  considerable  doubt 
amongst  musicians,  but  1  think  Helmhollz  speaks  with  great  force 
and  conclusiveness  when  he  says  they  realty  are  existent  and 
cannot  be  excited  out  of  nothing. 

Lastly.  I  have  to  speak  of  a  new  and  remarkable  kind  of 
distribution  in  the  form  of  electridt)',  applied  to  muscal 
sound.  It  has  long  been  known  that  iron  when  magnetised  gives 
a  peculiar  clink;  the  molecular  constitution  altera;  it  lengtheiu, 
as  may  be  proved  in  other  ways,  and  this  molecular  altera- 
tion is  shown  in  the  production  of  a  minute  sound.  If  the 
molecular  constitution  be  altered  regularly  by  a  series  of 
vibrations  bearing  a  definite  ratio  to  one  another,  this  clinking 
becomes  a  musical  note ;  I  have  here  an  ordinaiy  harmonium 
reed  to  which  1  have  attached  a  wire  of  aluminium,  and  this  is 
connected  with  a  battery.  If  1  now  blow  this  harmonium  reed 
by  means  of  wind,  and  thus  make  a  regularly  intermitting  circuit, 
those  who  are  within  range  of  the  resonatur  will  hear  it  clink, 
though  it  is  not  audible  at  a  great  distance.  This,  then,  the 
original  electric  idea,  has  been  developed  on  a  very  remarkable  in- 
strument with  which  I  will  conclude.  It  has  been  developed  in 
two  forms,  first  by  Reuss,  a  German,  and  it  has  been  carried  very 
much  further  by  one  of  our  Transatlantic  brethren,  Mr.  Elisha 
Gray,  of  Chicago.      Reuss's  instrumeDt  was  described  in  the 
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'Tel^raphic  Journal'  a  month  or  two  ago,  and  Giay's instrument, 
by  the  kindness  of  Mr.  Latimer  Qark,  I  am  able  to  present  to 
you  this  evening  in  working  order,  I  have  also  a  letter  of  Mr, 
Gray's  own,  in  which  he  explains  his  own  instrument.  He  says, 
"  I  have  been  very  busy  experimenting  since  I  came  West 
and  have  developed  many  fads  bearing  on  the  transmission  of 
musical  tones.  The  most  important  is  this,  1  have  determined 
the  fact  that  a  number  of  tones  differing  in  pitch  may  be  sent 
through  the  same  wire  at  the  same  time,  and  analysed  al  the 
receiving  end,  so  that  the  different  notes,  are  heard,  each  on  its 
own  instrument,  distinctly  and  independently  ;  by  using  a  com- 
mon Morse  signal  at  the  sending  end,  any  given  note  can  be 
read  on  the  receiving  instrument  corresponding  in  pitch,  and  no 
other.  Then  the  same  thing  can  be  going  on  at  the  same  time 
with  all  the  others,  so  that  instead  of  duplex  or  quadruplex  we 
have  in  this  multiplex,  limited  only  by  the  number  of  perfect  chords 
in  the  seven  octaves,  about  twenty  times  in  all."  First  I 
should  like  to  show  you  Reuss's  instrument,  in  which  the  voice 
is  tclcgrnphed  from  end  to  end  of  a  conducting  wire.  I  do  not 
pretend  to  be  a  great  singer  myself,  still  less  am  I  accustomed  to 

■  sing  to  telephones,  which  are  doubtful  in  their  interpretation. 
but  1  think  I  can  show  those  who  will  kindly  go  to  the  other 
end  of  the  room,  where  the  receiving  instrument  is  placed,  that 
my  voice  will  be  transmitted  by  means  of  the  membrane,  and 
that  1  shall  be  able  to  transmit  the  four  notes  of  the  chord  from 
four  tuning  forks,  on  to  the  receiving  instrument  according  to  Mr- 

tElisha  Gray's  practice.  At  the  same  time  let  me  call  your  atten- 
tion to  the  fact  that  this  is  a  most  remarkable  transfonnation  of 
energy.  We  here  change  sound,  vibration  of  which  we  know 
everything,  of  which,  perhaps,  there  is  more  known  than  of  any 
Other  form  of  vibration,  into  a  form  of  energy  of  which  we  know 
comparatively  little.  No  doubt  electricity  is  a  molecular  force, 
and  probably  a  vibratory  force  ;  I  think  the  researches  of  Mr, 

t  Clerk  Maxwell  show  that  we  shall  very  soon  tie  it  on  to  sound, 
light,  and  the  other  accepted  forms  of  vibration.  What  we  have 
done  in  this  curious  instrament  is  that  we  have  produced  the 
residls  empirically,  and  by  way  of  anticipating  the  subsequent 


234    ELICITIJMG  AND  REINFORCING  SOUND. 

demonstration  of  their  theoretical  union.  We  can  carry  sound 
vibration,  transmuted  into  electricity,  along  a  wire,  and  at  the 
end  we  can  reproduce  it,  certainly  not  a  little  damaged ;  for,  as 
a  musician,  I  do  not  think  the  receiving  instrument  speaks  quite 
so  good  a  tone  as  I  sing ;  still  it  is  the  same  note,  and  the  tele- 
phone reproduces  it  at  the  distant  end  of  the  wire  as  musical 
vibration.     We  have  re-constituted  the  Notum  per  ignotius. 

The  Chairman,  in  the  name  of  the  audience,   thanked   Dr. 
Stone  for  his  interesting  Lecture. 
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I  Bv  C.  V.  Walker,  Esq.,  F.R.S.,  F.R.A.S.,  etc.,  Hon.  Member 
Horological  Institute,  President  Soc.  Telegraph  Engiaceis. 


17/A  yuly,  1876. 


I 


Jamss  Glaisher,  Esq.,  F.R.S,,  etc.,  in  the  Chair. 

The  Chairman  :  Ladies  and  Gentlemen,— The  collection  of 
loaa  apparatus  in  this  buiKling  cannot  fail  to  be  productive  of  a 
great  deal  of  good,  and  I  do  not  know  of  any  one  subject  which 
suggestive  of  good  than  that  upon  which  the  Lecturer  is 
to  speak  to-night.  It  is  now  nearly  thirty  years  since  I  had  a 
certain  conversation  with  Mr.  Walker,  who  wilt  lecture  to  us 
presently,  and  that  conversation  was  the  origin  of  the  time-signals 
that  arc  now  sent  all  over  the  world.  I  commenced  by  saying  that 
diis  loan  collection  would  be  productive  of  great  gootl,  and  I 
had  in  my  mind  the  consequences  that  had  flowed  from  that 
conversation ;  and  when  you  consider  how  many  gentlemen  will  be 
troughl  together  here,  and  will  be  talking  over  the  different  instni- 
nents,  it  is  impossible  to  say  what  seed  will  be  so«n,  and  what 
good  may  not  be  gathered  and  garnered  in  many  a  year  to  come 
from  these  conversations,  which  at  the  present  moment  may  seem 
to  be  of  very  slight  importance.  The  subject  which  the  Lecturer 
nil]  explain,  is  the  sending  of  galvanic  signals  &om  the  Greenwich 
clock,  hour  by  hour,  simply  by  means  of  certain  lilile  apparatus 
iWhich  malce  contacts.  I  merely  mention  this  to  show  how  simple 
the  method  is ;  and  without  further  remark  I  will  introduce  to 
Mr.  Walker,  F.R.S.,  who  was  at  the  birth  of  this  system, 


.36 


GALVANIC  TIME  SIGNALS. 


and  has  watched  its  growth  from  then  till  now.  He  is  tboroughlf 
conversant  with  every  part  of  it,  and  knows  its  complete  histoiy ; 
and,  probably,  the  fact  of  his  having  to  deliver  this  Lecture  to-night, 
may  save  that  history  from  being  lost,  as  I  am  in  hopes  that  he 
will  give  us  an  account  of  the  birth  and  early  history  of  galvanic 
time  signalling.  I  will  now  introduce  him  to  you,  and  I  am  sure 
you  will  be  very  much  interested  by  what  he  has  to  tell  you. 

Mk.  Walker:  One  word  before  I  commence  this  lecture,  ia 
order  that  you  may  not  feel  alamied  at  9  o'clock,  should  you  hear 
the  time  gun  fired.  It  should  be  fired  by  Greenwich  signal ; 
but  I  cannot  quite  answer,  however,  for  its  firing  ;  because  it  so 
happens  that  at  this  particular  moment  the  Astronomer  Royal  is 
in  communication  with  Vienna  in  regard  to  longitude  observations 
in  connection  with  the  new  Observatory  there.  Should  you  hear 
a  sudden  sound  at  nine  o'clock,  you  will  only  know  that  it  is 
time  for  me  to  conclude  ;  and  you  will  not  be  alarmed  at  it. 

Our  subject  is  "  Galvanic  Time  Signals."  Three  words  ;  1  shall 
have  but  little  to  say  upon  the  first  two.  The  last  word  "  signal  " 
will  form  the  substance  of  the  address  which  it  will  be  my  duty 
to  deliver  before  you  this  evening.  Galvanism,  time,  and  signals 
will  be  so  interwoven  each  with  the  other,  that  as  we  proceed 
we  shall,  to  some  extent,  lose  sight  of  their  individuality. 

I  make  no  attempt  to  call  what  I  have  to  say,  a  "  Lecture." 
It  will  be  almost  barren  of  experiment  or  illustration.  It  will 
be  a  mere  description,  as  free  as  I  can  manage  to  make  it  of 
all  technicality  and  of  all  ad  capiandam  remarks. 

With  the  Astronomer  Royal,  treading  indeed  in  his  very  foot- 
steps,  1  cling  this  evening  to  the  good  old  word  Galvanism,  and 
to  the  memory  of  Galvani,  who  was  the  first  to  put  on  record 
the  effect  of  the  action  of  eieclricity  upon  the  lower  limbs  of 
frogs.  ITiis  led  up  to  Volta's  investigations,  which  have  given 
to  us  an  instrument,  the  value  of  which  in  scientific  research  b — 
shall  I  say— more  than  equalled  by  the  important  service  it  has 
rendered  in  applied  science,  I  mean  the  Voltaic  battery.  In  its 
practical  form  it  consists  of  two  metals,  and  one,  sometimeG  two, 
liquids.  Carbon  is  often  substituted  fur  one  of  the  metals. 
Metals  and  liquids  being  almost  without  number,  you  can  well 
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imagine  that— tlieir  combinations  being  equally  unlimited — the 
varieties  of  Voltaic  batteries  must  be  great;  and  so  tJiey  are. 
1  shall  call  your  attention  to  two  specimens  only,  one  of  the 
simplest  possible  character,  the  other  somewhat  more  cojnplex, 
but  each  equally  valuable  in  its  proper  place. 

In  both  these  batteries  %inc  is  one  metal,  and  carbon  takes  the 
place  of  the  other.  In  one  case  the  carbon  is  coated  with  the  fine 
powder  oi platinum  ;  in  the  other  it  is  surrounded  by  peroxide  of 
manganese.  In  the  former  case  the  liquid  is  sulphuric  acid  and 
water ;  in  the  latter,  sal-ammoniac  dissolved  in  water.  1  need 
hardly  tell  you  that  these  special  arrangements  were  entirely 
unknown  to  Volta.  They  are  the  result  of  inquiry  and  experience 
carried  on  almost  to  the  present  day.  The  quest  has  been  at'ter 
an  instrument  that  would  stand  ready  to  give  out,  whet)  required, 
a  fair  stipply  ot  electricity,  and  would  not  coJisume  itself  when 
waiting  for  work. 

The  Plat-graph  arrangement  dates  back  to  1857,  or  nineteen 
years  ago.  The  other,  which  is  due  to  M.  I^ieclanche,  and  known 
under  his  name,  was  practically  introduced  into  England  about 
eight  years  ago,  but  was  favourably  known  on  the  Continent  for 
some  time  previous. 

The  Plat-graph  is  used  by  the  Astronomer  Royal  for  time- 
signals.  For  myself,  I  have  in  use.  for  general  purposes,  over 
9000  Plat-graphs  and  3000  Leclanch^s.  I  have  instances  of  the 
former  doing  their  ordinary  daily  telegraph  work  entirtly  un- 
touched for  12,  14,  15,  17  months ;  of  the  latter  for  14,  18,  2$, 
s6,  29  months.  Were  it  not  for  eraporatian  the  periods  would  have 
been  much  prolonged. 

Volta's  name  is  not  quite  so  often  on  one's  lips  as  Galvani's ; 
not  that  the  name  of  Volta  has  been  displaced  by  any  rival  name. 
There  is  none.  For  his  discoveries  have  been  taken  up  in  all 
\  directions.  Nature  has  been  literally  ransacked  for  tnaterials. 
I  New  combinations  have  followed  each  other,  and  new  names 
remain  on  record.  \Ve  have  Daniell's  batter>',  Smee's,  Grove's, 
Bun  sen's,  Marii'- Davy's,  Plat-graph,  Leclanche's.  De  la  Rue's,  etc., 
all  voltaic  batteries,  with  the  name  of  Volta  tefl  out ;  just,  indeed, 
fi  the  word  "  battery  "  itself  is  left  out  in  common  parlance,  and 
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we  speak  of  a  Daniell,  a  Smee,  a  L«clanch^,— '■  Voltair  battery  " 
being  understood.  We  have  his  name  in  the  Voltameter,  aa 
instrument  used  for  measuring  the  gases  released  in  the  decom- 
position of  water,  etc. 

But  here  is  an  instrument  of  another  kind,  intimately  connected 
with  the  subject  of  this  evening,  which  has  made  Galvani's  name  a 
very  household  word  to  us  ;  and  has  so  grafted  it  into  the  voca- 
bulary of  Science— pure  as  well  as  applied— that  it  is  not  likely 
ever  to  be  lost  to  us.  The  instrument  is  called  a  Galvanometer, 
a  measurer  of  galvanism  or  galvanic  electricity ;  in  all  cases  a 
qualitative  measurer,  and  under  special  arrangements  a  quantita- 
tive. It  consists  essentially  of  a  piece  of  wire  and  a  compass 
needle.  If  a  wire  and  a  magnetised  needle  are  placed  parallel, 
each  with  the  other,  and  electricity  is  sent  along  the  wire,  the 
needle  will  move  ;  and  if  the  electricity  is  powerfiil  enough,  and 
the  needle  light  enough,  the  latter  ivill  place  itself  at  right  angles 
to  the  wire.  It  turns  to  the  righttf  the  electricity  is  moving  in  one 
direction  ;  to  the  left  if  moving  in  the  other. 

But  it  is  not  a  i:sual  thing  to  find  electricity  in  a  single  wire 
powerful  enough  to  move  a  needle  to  right  angles  ;  it  moves  it  to 
a  small  angle  only  ;  two  wires  affect  the  needle  more  powerfully 
than  one  ;  three  wires  still  more  ;  and  so  on.  Speaking  generally, 
the  effect  is  increased  according  as  the  wires  in  action  are  multi- 
plied. For  which  reason  the  Galvanometer  has  been  also  called 
a  Multiplier.  Practically  the  instrument  is  not  constructed  with 
a  multiplicity  of  separate  wires.  A  sufficient  length  of  one  and 
the  self-same  wire  is  used.  It  i-s  covered  with  silk  or  cotton,  and 
wound  on  a  frame  around  the  needle  and  clear  of  it,  so  that  the 
same  current  of  electricity  in  passing  along  from  end  to  end  of 
this  wire  presents  itself  many  times  to  the  needle. 

Well,  now,  if  you  or  I  desire  to  have  accurate  lime,  and  are  not 
able  ourselves  to  obtain  it  by  direct  observation,  we  must  associate 
ourselves  with  some  one  who  is  able.  He  must  be  provided  with 
a  galvanic  batter)',  and  we  must  possess  a  galvanometer  ;  and  a 
wire  must  be  erected  in  a  proper  manner  from  him  to  us,  no 
matter  what  the  distance.  We  shall  arrange  with  him,  when  it 
may  be  most  convenient  to  all  parties  concerned,  for  true  time  to 
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be  sent  by  him  and  received  by  us.  With  the  means 
disposal  he  ft-ill  find  out  when  the  selected  second  of  the  selected 
minute  of  the  selected  hotir  has  arrived,  and  will  send  some  gal- 
vanism from  his  battery  along  the  wire  to  our  galvanometer.  We 
shall  be  on  the  look  out,  and  will  see  our  neeille  move  to  the  time. 
Electricity  travels  so  fast  that  no  account  needs  be  taken  of  time 
lost  on  the  road. 

Before  passing  on  to  the  arrangements  that  are  in  use  for  find- 
ing true  time  and  sending  it  to  other  people,  I  must  just  say  one 
word  in  explanation  of  another  instrument  that  is  used  for  lime- 
signals,  equally  with,  but  not  so  generally  as,  the  galvanometer.  I 
mean  the  Electro-magnet.  An  electro-magnet  consists  essentially 
of  a  bar  of  soft  iron,  straight  or  otherwise,  within-side  a  coil  of 
wire,  covered  with  silk,  cotton,  or  otherwise.  In  the  absence  of 
electricity,  the  iron  is  merely  iron ;  in  the  presence  of  electricity, 
that  is  of  a  current  of  electricity  circulatmg  in  the  wire,  the  iron 
becomes  a  magnet ;  and  by  proper  arrangement  may  become,  if 
required,  a  very  powerful  magnet.  When  the  flow  of  electricity 
is  interrupted,  the  magnetism  leaves  the  iron,  to  return  only  when 
the  electricity  returns.  Magnets  attract  iron  :  they  attract  or  repel 
Other  magnets,  according  as  different  or  like  poles  are  presented 
each  to  the  other.  The  mechanical  force  thus  obtained  is  turned 
to  useful  account,  in  driving,  controlling  or  regulating  clocks,  and 
in  dropping  Time-balls. 

Timt.  When  I  look  round  upon  the  audience  before  me,  I 
can  hardly  think  that  there  is  one  person  present,  old  or  young, 
who  does  not  either  openly  or  in  his  heart  desire  rw"-^  of  some- 
thing ;  more  tncomt,  more  )ualth,  more  knowledge,  more  friends, 
more  position,  more  possessions,  and  so  on.  And  it  is  perfectly 
possible  for  any  one  of  you  to  possess  at  this  very  moment  more 
of  some  of  the  things  I  have  named  than  he  thinks  he  owns. 
Taking  the  first  and  the  last  in  the  list,  income  and  possessions : 
Who  knows  but  that  there  is  some  one  in  this  room,  who  is 
actually  richer  in  this  direction  at  this  moment,  than  he  was  when 
he  entered  it  half  an  hour  ago  ?  A  bequest  or  a  gift  may  have 
done  the  work  ;  and  the  good  news  has  not  yet  reached  him. 

But    things   are   different  in   regard  to  time:      It  is    perfectly 
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t  Sot  any  ooe  of  as  to  have  aaj  man  time  than  we 
DOW  powtii.  In  common  paiiance  ne  are  apt  to  say,  give  me 
a  little  more  time  and  I  will  do  this,  that,  or  the  othei.  But 
tfab  is  not  what  I  now  mean  by  more  time.  I  mean  that  unti] 
the  praenl  moment  is  gone  from  us  absolutely,  ne^er  to  be 
F^ained,  we  cannot  have  another ;  we  cannot  be  possessed  of 
two  seconds  of  time  at  once. 

It  is  the  object  then  of  galvanic  time-sigaak  to  give  jrou,  not 
the  mere  hour  or  minute,  but  the  absolute  second  or  moment 
really  of  time  then  or  now  in  your  possession  ;  to  identih',  in  fstct, 
and  give  you  the  name  of  that  particular  moment. 

It  is  my  purpose  in  the  first  instance  to  occupy  your  time 
with  the  earliest  history  of  galvanic  time  signals.  Mr.  Glaisfaer  has 
truly  said  to  you  that  but  for  the  present  opportunity  or  some  oppor- 
tunities like  this,  it  really  might  have  been  lost ;  in  fact,  although 
having  taken  so  very  active  a  part  and  so  very  early  a  part  in  the 
initiation  of  time  signals,  even  with  myself  there  are  two  or  three 
missing  links  in  the  very  early  days.  Nor  am  I  in  very  bad 
company  in  that  respect;  for  the  Astronomer  Royal,  who  co- 
operated with  me  and  I  with  him,  made  this  remark  in  1S65, 
■'  1  can  hardly  say  how  the  time-signal  system  came  to  be  first 
proposed.  It  was  somehow,  partly  in  conversation  and  partly  in 
other  ways  ;  how  1  cannot  exactly  say,  but  to  Mr.  C.  V.  Walker,  Mr. 
Edwin  Clark,  Mr,  Latimer  Clark,  and  afterwards  Mr.  C.  F. 
Var ley  is  the  existence  of  the  system  mainly  due."  This  remark 
was  made  by  the  Astronomer  Royal  at  the  conclusion  of  the 
Lecture  delivered  by  Mr.  Ellis,  of  the  Royal  Observatory,  before 
the  Horological  Institute  on  February  24.  Mr.  KUis  had  taken  a 
very  active  part  in  the  matter;  it  was  his  branch  of  work  is 
the  Royal  Observatory. 

At  the  commencement  uf  his  lecture  Mr.  Ellissays,  "Fromthe 
very  first  establishment  of  the  various  telegraphic  systems  in  Eng> 
land,  the  Astronomer  Royal  had  always  kept  in  view  the  desirabilily 
of  connecting  the  Royal  Observatory  with  those  systems  for  various 
purposes,  among  others  fur  the  distribution  of  Greeowich  time. 
About  the  year  1849,  ^^  came  into  correspondence  wilh  Mr.  C, 
V.  Walker,  Telegraphic  Engineer  of  the  South  Eastern  Railway 
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Company,  who  on  his  part  was  equally  desirous  to  place  the 
South  Eastern  telegraphic  system  in  communication  with  the 
Observatory  ;  and  the  necessity  for  other  com  muni  cations 
having  also  arisen,  the  Astronomer  Royal  obtained  the  permission 
of  the  Directors  of  the  South  Eastern  Railway  Company  (on  the 
lepiesentation  of  Mr.  C.  V,  Walker)  to  cany  wires  on  the  poles 
of  their  railway  to  London  Bridge." 

In  referring  to  letters  and  other  documents,  the  first  link  that  I 
find  in  the  history  is  an  extract  from  my  diary,  dated  13th  April, 
1849. — "Visited  Royal  Observatory,  and  saw  Mr.  Glaisher  on 
the  plan  for  meteorological  observarions."  And  this  must  be  the 
dale  of  the  conversation  to  which  the  Chairman  has  referred. 
—On  May  loth,  1849,  I  received  a  letter  from  my  friend,  Mr, 
Glaisher.  to  this  effect,  "  I  also  wish  to  talk  with  you  about 
the  laying  down  of  a  wire  from  the  Observatory  to  the  Lewis- 
ham  Station."  Then  on  the  73rd  of  that  month  of  May,  the 
first  letter  from  the  Astronomer  Royal  reached  me,  from  which  I 
will  make  a  few  extracts.  In  considering  the  probable  use  of 
a  galvanic  connection  of  the  Royal  Observatory  with  the  tele- 
graphic system  of  the  South  Eastern  Railway  the  following  remarks 
occur,--"  It  is  not  likely  that  such  a  connection  would  be  used 
fat  messagrs,  other  than  simple  signals,  for  these  two  reasons : 

"  1.  That  we  have  not  any  person  constantly  in  attendance. 

"  2,  That  my  assistant  would  not  learn  either  to  read  or  to 
deliver  the  messages  with  facility.  Indeed  it  would  be  an  easier 
thing  for  us  to  send  a  message  to  Lewisbam  than  to  work  it 
here.  The  use  of  the  telegraphic  connection  would  be  mainly, 
perhaps  solely,  in  the  transmission  of  time-signals,  no  unimport- 
ant object  however.  Still  if  it  was  restricted  to  the  S.E. 
district,  its  utility  for  this  purpose  would  be  exceedingly  limited 
in  comparison  with  the  utility  which  it  might  have.  This  deserves 
consideration  for  this  reason  : 

"  rst.  The  abstract  question  of  general  utility,  which  I  am  sure 
will  have  weight  with  yourself  and  with  the  Directors  of  the 
Company. 

"  and.  The  claim  which  it  would  equitably  create  for  defrayment 
of  part  of  the  expense  by  the  Government. 
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"  The  instances  in  which  I  have  practica]))'  wanted  to  commu- 
nicate time  by  signal  are, — To  and  from  Liverpool  and  to  and  from 
two  clocks  in  London  (Ihe  Royal  Exchange  and  Ihe  Houses  of 
Parliament  clocks),  I  have  from  the  fiist  indicated  as  a  desirable 
thing,  that  every  stroke  of  the  latter  in  striking  the  hours  at  least 
once  in  the  day  (and  the  same  applies  to  the  fonner)  should  be  ob- 
servable at  the  R.  Observatory.  But  generally  speaking  in  a 
country  like  this  where  so  many  ships  rely  on  chronometers  for 
navigation,  where  in  every  transaction  of  business  the  importance  of 
punctuality  is  thoroughly  understood,  it  is  very  desirable  to  have 
in  every  large  place  means  of  knowing  the  time  accurately. 
This  consideration  renders  it  veiy  much  to  be  wished  that  any 
line  from  Greenwich  should  be  placed  in  galvanic  connection 
with  the  lines  Nordi  of  the  Thames." 

Then  he  goes  on  to  say,  "  I  should  be  very  glad  to  discuss 
with  you  in  face  of  the  instruments  the  mechanical  means  for 
doing  this.  1  believe  that  a  clock  may  be  set  up  at  Green- 
wich, which  will  do  all  our  part  in  giving  time  automatically."  I 
immediately  wrote  in  reply, — "I  thank  you  for  the  remarks 
contained  in  your  letter  of  yesterday,  which  will  enable  me  to 
have  a  clearer  view  of  the  general  question  of  the  utility  of  a 
telegraph  wire  between  the  R.  Observatory  and  the  S.  E.  R. 
Company's  system.  You  will  find  me  ready  cordially  to  co-operate 
with  you  in  this  important  matter.  I  will  take  an  early  opportunity  of 
conferring  with  our  Directors,  now  that  I  am  able  to  give  them  sorae 
particulars.  1  shall  be  very  glad  to  enter  with  you  into  the 
practical  features  ;  and  will  write  again,"  and  so  on.  There  you 
see  the  ice  was  broken. 

The  Astronomer  Royal  writes  to  me  on  the  following  day,  24th 
May,  and  sends  me  a  scheme  proposed  by  him  "  for  the  trans- 
mission of  Greenwich  time  by  galvanic  signal  to  every partof the 
kingdom  in  which  there  is  galvanic  telegraph  from  London."  I 
need  hardly  weary  you  by  reading  the  whole  scheme ;  naturally 
when  we  discussed  it  together,  it  ripened  under  our  hands.  The 
substance  of  the  propositions,  that  were  in  due  course  realised,  is : — 
That  a  distinct  hour  or  other  time  should  be  adopted  for  each 
line  to  receive  its  signal ; — that  a  clock  should  be  erected  at  the 
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Royal  Observatory,  which  should  be  adjusted  daily  so  as  never  to 
be  more  than  a  fraction  of  a  second  in  error ; — that  messages  on 
a  telegraph  wire  should  be  suspended,  for  a  time-signal  to  pass, 
for  not  more  than  one  minute  ; — that,  if  a  time  signal  failed  when 
due,  a  look-out  should  be  kept  for  the  next ;— that  clerks  should 
keep  their  wires  clear  of  messages  when  the  signal  was  due;— that 
the  Observatory  wires  along  the  South  Eastern  Railway  should  be 
extended  from  the  London  Terminus  of  that  line  onward  to  some 
central  station;— and  that,  "in  any  case,  however,  the  power  of 
giving  time  to  England  generally  must  depend  entirely  on  the  co- 
operation of  the  S.  E.  Company."  I  wrote  to  Mr.  (now  Sir  George) 
Airy  very  shortly  afterwards,  that  is,  on  the  i  ith  June,  1849,  "  I 
have  conferred  with  the  Directors  respecting  the  wires  between 
the  Observatory  and  I^wisham  Station.  They  expressed  their 
readiness  to  promote  scientific  objects,  but  that  they  had  not 
money  for  this  puq>ose."  But  you  will  see  as  I  proceed  that  they 
have  furnished  what  in  this  instance  is  of  far  higher  value 
than  mere  money,  namely,  money's  worth,  1  have  before  me  a 
volume  of  the  annual  Reports  made  by  the  Astronomer  Royal  on  the 
first  Saturday  in  June,  at  the  Visitation  of  the  lloyal  Observatory 
by  the  authorities ;  and  here  we  find  the  first  official  note  on  the 
subject.  The  historyoftheObscrvatoryduringthe  past  year  is  given 
up  to  the  lunation  that  had  closed  last  before  the  Visitation -day. 
In  the  Report  read  on  June  and,  1S49,  time-signals  are  thus 
introduced : — "Another  change  will  depend  on  the  use  of  galvanism ; 
and,  as  a  probable  instance  of  the  application  of  thb  agent,  1  may 
mention  that,  although  no  positive  step  has  hitherto  been  taken.  I 
fiilly  expect  in  no  long  time  to  make  the  going  of  all  the  clocks  in 
the  Observatory  depend  on  one  original  regulator-  The  same 
means  will  probably  be  employed  to  increase  the  general  utility  of 
the  Observatory,  by  the  extensive  dissemination  throughout  the 
kingdom  of  accurate  time-signals,  moved  by  an  original  clock  at 
the  Boyal  Observatory ;  and  I  have  already  entered  into  cor- 
respondence with  the  authorities  of  the  South  Eastern  Railway 
(whose  line  of  galvanic  communication  will  shortly  pass  within 
nine  furlongs  of  the  Ob8er\atory),  in  reference  to  this  subject." 
In  every  annual  report  which  the  Astronomer  Royal  has  made — 
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ihe  volume  before  me  extends  to  the  year  1868 ;  and  there  are 
the  eight  Reports  since  delivereti,  up  10  the  one  deUvered  last 
month — he  never  fails  to  continue  the  history  of  the  progress  of 
time  and  electricity  ;  and  he  also  never  fails  to  recognise  the  ser- 
vices of  those  gentlemen,  who  took  part  widi  him  io  organiring  the 
system.  Hesayson  June  ist,  1850,  "  I  alluded  in  my  last  Report 
to  the  possible  galvanic  connection  of  the  different  docks  of  the 
Observatory,  so  as  to  make  the  motion  of  every  clock  depend  on  the 
motion  of  one ;  .  .  .  The  second  point  is,  the  connection  of  the 
Observatory  with  the  galvanic  telegraph  of  the  South  Eastern 
Railway,  and  with  other  lines  of  galvanic  wire  with  which 
that  telegraph  communicates.  No  arrangement  is  yet  effected 
for  this  purpose,  but  1  continue  to  keep  my  attention  on  it, 
even  with  greater  interest  than  formerly.  I  had  then  in  mind 
only  the  connection  of  this  Observatory  with  different  parts  of 
the  great  British  Island  :  but  I  now  think  it  possible  that  our 
communications  may  be  extended  far  beyond  its  shores.  The 
promoters  of  the  Submarine  Telegraph  are  very  confident  of 
the  practicability  of  completing  a  galvanic  connection  between 
England  and  France  :  and  I  now  begin  to  think  it  more  than 
possible  that,  within  a  few  years,  observations  at  Paris  and 
Brussels  may  be  registered  on  the  recording  surfaces  at  Green- 
wich, and  I'ue  i-ersA."  These  dates  are  very  interesting.  Begin- 
ning from  the  conversation  with  Mr,  Glaisher,  there  was,  as  you 
have  heard,  a  great  deal  of  correspondence  and  a  great  deal  of 
arrangement.  In  1851.  on  August  the  9th,  I  began  erecting 
two  wires  from  Lewisham  to  London.  One  of  the  wires — so 
it  was  then  proposed— was  for  the  Houses  of  Parliament 
and  the  Royal  Exchange  clocks,  and  the  other  for  general 
purposes  in  London  and  throughout  the  kingdom.  On  the 
19th  March,  1852,  those  two  wires  were  completed;  and,  after 
completing  them,  the  Astronomer  Royal,  on  May  17th,  1853, 
ordered  two  more  wires,  making  four  ;  and  by  the  end  of 
the  year  1853  these  four  wires  were  completed  from  L.cwisham 
to  I^ndon,  and  from  the  Royal  Oljservatory  to  Lewisham.  I 
to  return  to  the  Annual  Reports  of  the  Astronomer  Royal : — that 
read  on  June  2nd,  185 1,  makes  no  reference  lo  our  subiect.     The 
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following  extracts  are  from  the  Report  read  on  June  jth,  1852  : — 
"  In  the  last  autumn,  [1S51,  Sep.  a8]  the  Submarine  Telegraph 
between  the  South  Foreland  and  Sangatte,  in  France,  was  success- 
fully completed,  and  in  a  very  short  time  afterwards  I  received  from 
some  of  the  active  members  of  the  Institute  of  France  an  earnest 
request  that  advantage  might  he  taken  of  this  event  for  connecting 
the  Observatories  of  Paris  and  Greenwich,  1  proceeded  without 
delay  to  negotiate  with  the  great  commercial  bodies  (the  Electric 
Telegraph  Company  and  the  Soulh  Eastern  Railway  Company) 
whose  assistance  was  necessary,  and  whose  rights  might  be  affected 
bysuch  a  connection; and  bylhem  myovertures  were  received  in  the 
most  liberal  spirit.  To  these  bodies  generally,  and  to  their  Superin- 
tendents of  Telegraph  in  particular  (Charles  V.  Walker,  Esq.,  for 
the  South  Eastern  Railway,  and  Edwin  Clark,  Esq.,  for  the  Electric 
Telegraph  Company),  my  most  cordial  thanks  are  due,  for  their 
adoption  of  my  proposals  in  all  their  fulness,  and  for  their  hearty 
co-operation  in  every  part  of  the  work."  And  he  then  mentions 
,  how  thatfour  wireshadbeen  laid  underground  from  the  Observatory 
o  ihc  Railway  Station  at  I^wisham,  and  thence  along  the  railway 
to  London  Bridge  Terminus,  "where  the  connections  will  be  made, 
either  with  the  long  Dover  wires  communicating  with  the  Conti- 
nent, or  with  the  wires  that  extend  to  the  Central  Telegraph 
Station."   Meanwhile  on  August  5th,  1851 — which  is  a  memorable 

I  date — a  chrono-trepetek  was  mounted  for  time-signalling  pur- 
poses in  the  turret  clock  at  London  Bridge  Station  ;  and  at  4  p.m. 
on  that  date  the  first  time-signal,  thai  was  ever  passed  out  of  the 
Roya!  Observatory,  reached  London  in  my  presence ;  and  four 
days  after  in  the  presence  of  niyself  and  Dr.  O'Shaughnessy 
(Brooke),  F.R.S.,  whose  name  is  well  known  in  the  scientific 
world.  August  9th,  1852,  is  the  date  of  the  first  time-signal 
that  went  to  Dover  direct  from  Greenwich. 
From  this  ijth  of  August  time-signals  began  to  be  sent  regularly 
from  Greenwich.  On  the  ist  November,  1S51,  the  system  of  time- 
signals  was  thoroughly  established  throughout  the  South  Eastern 
Railway  ;  ihey  were  sent  direct  from  Greenwich  to  Dover  and  the 
chief  stations  ;  and  by  hand  from  the  junctions  to  the  Branch  lines. 
I  will  now  describe  the  original  Chrono-trcpeler,  which  is  before 
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jnm ;  and  wfaidi  »  a  tnin  of  whccli  with  some  o 
ll  was  in  geu  whit  a  6o-niiaQte  wbed  of  tbe  ciock;  and  the 
adjwwneim  imide  were  set  in  sacb  a  way  that  a  wire  fatim  Green- 
wich at  one  o'dock.  for  iostance,  sbotJd  be  properiy  connected 
whh  a  wire  that  led  to  Dorer,  and  kept  there  fm-abool  a  oonpleof 
iBJlMMt*.  to  thai  wbcD  (he  signal  left  Greenwich  it  passed  imio- 
tcnvptcdljr  to  Dover.  That  is  the  principle  upon  which  this 
■Bstmnent  had  to  act,  the  i^ieration  bemg  simplf  that  of  bringii^ 
two  spring*  together  at  the  proper  ome. 

On  June  sth,  1851,  Shepherd's  electric  dock  had  been  erected  at 
the  Royal  Observatory,  and  was  fairly  started  to  do  all  the  necessary 
work  of  connecting  the  proper  Observatory  signal  wires  with  the 
railway  wire*.  J  will  describe  the  electric  clock  presendy.  The 
AflTOnomer  Royal  and  myself  tried  what  was  then  a  very  bold  experi- 
ment. We  connected  3  companion  electric  clock  on  the  i6th 
Septeml>er,  1852,  in  London,  at  the  London  Bridge  Station,  with, 
and  to  be  driven  by,  the  clock  at  the  Royal  Observatory.  The 
signals  second  by  second  made  by  the  Greenwich  clock  moved 
the  clock  in  London. 

In  1853,  on  February  the  3rd  and  the  loth,  the  Astronomer 
Royal  came  to  London  Bridge  Telegraph  Office,  and  tested  the 
needle  signals  from  Greenwich,  preparatory  to  making  experiments 
on  transits  for  longitude.  Go  the  10th  February,  1853.  is  the 
first  time  I  see  Deal  mentioned  in  my  diary;  and  on  the  7th 
March  I  lirfil  find  the  dropping  of  the  ball  at  Deal  mentioned. 

The  following  are  from  the  Report  read  Jime  4th,  1853  ; — "  At 
the  ilatc  of  my  last  Report,  the  principal  |)art  of  the  work  for 
carrying  two  wires  to  London  Bridge  (four  having  been  .laid  in 
those  parts  in  which  the  wires  pass  underground),  was  by  the 
kindness  of  the  South  Eastern  Railway  Company  and  the  Electric 
Telegraph  Company,  completed,  but  the  wires  were  not  so  far 
connected  as  to  be  brought  into  use.  Shortly  after  that  time  they 
were  brought  into  daily  use."  Further  on  we  read : — "  The 
g.ilvanic  apparatus  for  sending  hourly  signals  to  London;  the 
sympathetic  dial  at  the  entrance  gate ;  the  sympathetic  docks  in 
the  chronometer-room,  computing -room,  and  dwelling-house ; 
and  a  sympathetic  clock  at  the  South  Eastern  Railway  Terminus, 
are  all  complete  and  in  constant  use. 
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"  In  ih^  eiiiploymeot  of  the  galvanic  wires  in  the  Roya!  Obser- 
vatory for  the  several  purposes  of  making  registers  in  the  Ameri- 
can manner,  dropping  our  time-ball,  sending  hourly  signals  to 
London,  dropping  the  ball  in  the  Strand,  passing  occasional 
signals  to  or  from  London  and  stations  beyond  London,  and 
passing  occasional  signals  lo  or  from  Paris,  a  variety  of  communi- 
cations of  wires  is  required."     Further  on  we  read : — 

■■  At  the  time  of  the  Visitors'  last  meeting,  a  Normal  clock  had 
been  erected  by  Mr.  Shepherd,  fimiished  with  a  small  apparatus 
suggested  by  myself  (an  auxiliary  pendulum,  which  can  be  made 
very  long  or  very  short,  and  can  in  either  state  be  connected  with 
the  clock-pendulum),  by  means  of  which  the  indications  of  the  clock 
can  be  increased  or  diminished  by  any  required  quantity  above 
o'.  oi.  The  error  of  this  clock  being  ascertained  every  day,  by 
means  of  another  clock  close  to  its  side,  which  has  been  compared 
widi  the  Transit-clock.  There  is  no  difficulty  (witii  the  use  of  the 
auxiliary  apparatus  above  mentioned)  in  making  it  sensibly  cor- 
rect. .  .  . 

"  The  same  Normal  Clock  maint^ns  in  sympathetic  movement 
the  large  clock  at  the  entrance  gate,  two  other  clocks  in  the 
Observatory,  and  a  clock  at  the  London  Bridge  Terminus  of  the 
South  Eastern  Railway  (first  tried  (p.  12)  with  the  assistance  of 
C.  V.  Walker,  Esq,,  as  an  experiment,  but  now  to  be  used 
for  automatically  making  and  unmaking  certain  connections  of 
our  galvanic  wires).  .  .  . 

"  I  have  the  satisfaction  of  slating  to  the  Visitors  that  the  Lords 
Commissioners  of  the  Admiralty  have  decided  on  the  erection  of  a 
time-signal  ball  at  Deal,  for  the  use  of  the  shipping  in  the  Downs,  to 
be  dropped  every  day  by  a  galvanic  current  from  the  Royal  Obser- 
vatory. The  construction  of  the  apparatus  is  entrusted  to  me.  ,  .  . 

"On  the  nights  of  May  17  and  18,  excellent  series  of 
signals  were  passed  backwards  and  forwards  between  the  Royal 
Observaior)'  and  the  Railway  Station  at  Cambridge.  No  ivires  have 

I  been  led  to  the  Cambridge  Observatory  ;  and  Professor  Challis  was 
therefore  compelled  tocarry  chronometers,  previously  compared  with 
the  Transit-clock,  to  the  station.  ...  At  the  moment  of  my 
writing   [May  aSdi],  the  observations  are  not  (iilly  reduced.  .  .  . 
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"  I  have  also  made  every  arrangement  with  Professor  C.  Fiazz 
Smyth  for  the  interchange  of  signals  on  the  night  of  May  15 
and  trust  to  be  able  to  state  to  the  Visitors  the  result." 

in  an  "  addendum  "  to  this  Report,  under  date  of  June  4th,  as 
the  result  of  279  signals,  the  longitude  of  Cambridge  is  given 
as  22:  956. 

On  the  17th  May,  1853,  the  Astronomer  Royal  received  the 
sanction  of  the  Admiralty  to  erect  a  time-ball  at  Deal ;  on  the 
20th  March,  1854,  this  time-ball  was  very  nearly  ready;  and  on 
the  sth  of  April  I  rowed  out  from  Deal  to  H.M.S.  St.  George, 
then  in  the  Downs ;  and  from  on  board  that  ship  saw  the  ball 
dropi>ed.  It  was  a  trial  of  the  ball — dropping  it  by  hand.  On 
the  9th  May  the  Astronomer  Royal  and  I  went  to  Deal,  and  the 
ball  was  dropped  from  London  Bridge  Telegraph  Office  at  4.1 3  p.m. 
for  the  first  time;  and  in  the  evening,  at  it. 10  p.m.,  the  ball 
was  first  dropped  from  the  Royal  Observatory,  in  this  instance, 
by  hand.  On  the  z3rd  May,  at  i  p.m.,  it  was  properly  dropped 
automatically  and  for  the  first  time  by  the  clock  arrangements  of 
the  Royal  Observatory,  and  those  at  London  Bridge. 

In  the  Astronomer  Royal's  Report,  made  on  June  3Td,  1854, 
we  read  of  the  Deal  ball  as  having  been  completed.  "The  ball 
has  now  been  erected  by  Messrs.  Maudslay  and  Field,  and  is  an 
admirable  specimen  of  the  workmanship  of  those  celebrated 
engineers.  .  .  .  The  automatic  changes  of  wire  communi- 
cations are  so  arranged  that,  when  the  ball  at  Deal  has  dropped  to 
its  lowest  point,  it  sends  a  signal  to  Greenwich  to  acquaint  me, 
not  with  the  rime  of  the  beginning  of  its  fall  (which  cannot  be  in 
error),  but  with  the  fact  that  it  has  really  fallen.  The  ball  has 
several  times  been  dropped  experimentally  with  perfect  success  ; 
and  some  small  official  and  subsidiary  arrangements  alone  are 
wanting  for  bringing  it  into  constant  use.  I  can  scarcely  convey  to 
the  Visitors  how  much  I  am  indebted  to  the  South  Eastern  Rail- 
way Company  and  the  Electric  Telegraph  Company,  and  to  their 
principal  telegraph  officers,  Charles  V.  Walker,  Esq.,  and  Latima 
Clark,  Esq.,  for  the  liberality  and  even  the  zeal  with  which  they 
have  assisted  me  in  every  step  of  these  preparations.  Without 
the  cordial  aid  of  Mr.  Walker,  in  particular,  it  would  have  beea 
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impossible  to  complete  the  work.  The  best  line  of  wires  on  the 
railway  has  been  devoted  to  this  purpose,  and  the  shifting  con- 
nexions have  been  modified  to  diminish  the  resistance  and  remove 
the  chances  of  disturbance  as  much  as  possible." 

On  June  and,  1S55,  the  Astronomer  Royal  reports  that  "The 
time-signal  ball  at  Deal  was  brought  into  regidaruse  at  the  begin- 
ning of  the  present  year."     [Feb,  7] 

On  June  7th,  1856,  he  reports,  "  One  of  the  galvanic  clocks  in 
the  Post-office  Department,  Lombard  Street,  is  already  placed  in 
connection  with  the  Royal  Observatory,  and  is  regulated  at  noon 
every  day." 

And  on  June  6th,  1857,  we  read  that  "  The  communication 
with  the  Post-office  clock  is  remarkable.  At  i^h.  i6m.  os.  of 
that  clock  a  signal  is  given  to  Greenwich,  the  comparison  of  which 
with  our  clock  acquaints  us  with  the  error  of  the  Post-office 
clock-  At  oh.  om,  os.  of  the  Greenwich  clock  a  signal  is  sent 
from  Greenwich,  which  mechanically  adjusts  the  Post-office  dock. 
At  oh.  i6m.  OS.  of  the  Post-office  clock  a  second  signal  is  given  to 
GreenwicJi,  by  which  the  efficiency  of  the  adjustment  is  shown." 

Time  would  fail  me  to  follow  year  by  year  the  progress  made 
withinside  the  Observatory.  Suffice  it  to  make  one  more  extract 
from  the  Report  read  on  June  2nd,  i86o,  of  the  improved 
arrangement  for  bringing  the  Normal  clock  to  true  time.  The 
auxiliary  pendulum,  adopted  in  185.^  was  abandoned,  and  in  its 
place  was  substituted  "a  bar-magnet,  which  is  carried  by  the 
pendulum  rod,  and  is  parallel  to  the  pendulum  rod.  The  pole 
of  the  bar-magnet  swings  immediately  above  the  pole  of  the 
galvanic  coil  [without  core],"  through  which  a  current  from  a 
smaU  battery  can  be  sent  in  one  or  other  direction  and  for  a 
known  time.  AVhen  so  sent  that  "  the  force  is  attractive,  the  force 
of  gravity  on  the  pendulum  is  augmented,  and  the  clock  is  made 
to  gain ;  when  the  force  is  repulsive,  the  clock  is  made  to  lose." 

On  March  aSth,  1853,  I  delivered  a  lecture  at  the  London 
Institution ;  a  wire  was  led  from  the  street  to  the  lecture-table,  and 
to  a  clock  on  the  table,  which  clock  was  driven  by  the  dock  of  the 
Koyal  Observatory,  six  miles  distant. 

Now    I    told    you   a   short   time    since   that,    although    the 


BOW,  and  Atj  BOW  fp 

thu  K,  tfaCT 

valoi7  pi7  iIk:  Sodb  Eattau  Kidtwmf 

aiaintaiauice^  and  5c  a  year  fi 

10^  per   mile  of  wkt  fa  aaa^m. 

(iim.  35cb.  B  iH  <■!  dK  Saia^}^  aic  1 

1  is  ased  for  acndwig  a  lain  ii|,iiil  cveiy  bo^  far 

Railway  poiposa.    TIm  i  tjl  a^^  {mkcs  m  afas  fam  1 

sutiooat  Deal  to  Ac  kmct  oo  dK  bocb  dot  caans  Ac  li 

and  the  boor  i^axb,  dm  icquBcd  bf  the  Rafaa^,  pass  oa 

postal  wire  10  d>e  Honriogiial  Imkate  in  Cfcifcmwcl,  bee 

br  as  tbe  railway  is  coocenied  ;  but  at  an  anniBl  tiatgc  tf£ts 

bjr  the  Poct-ofice.     No.  z  is  caDed  tbe 

wUd  sigiiils  pan  from  ifae  Roval  Obsenratoiy  to  London  ^neiy 

ajlauue  ir'niid.  and  **■*"'''*''■  d>e  pcndithiiBs  of  cdtani  kkb*' 

Ialoniofceq>maewitbdieiBaii-dmestandaidat<>eeBwiclt.  Nslj 

is  ooBceded  freeof aQ  cfaaiBe  10  Ae  Postal  Tdcgrxph  ~ 

aad  ic  coaatcuA  at  Loodon  Bridge  with  one  at  titai  stieet  wins. 

It  b  bjr  tbi>  wire  tbey  recciTe  trae  time  for  distiibatiaa  id  ifaesr 

officesaad  to  tbcir  clients.    TbeiT  <iaxga  for  tinie-sigBab  nre 

given  in  die  Britisb  Postal  Gtdde,  and  Taiy  &ocd  ^£12  B  jQjm  or 

more,  per  annum,  accctding  to  the  accommodatioD  desired. 

Railway  Company  charge  cost  price  for  ahetations;  and  y.  a 
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couple  of  minuies  each  day,  and  which 

to  any  one.   The  Obsenatofj*  were  lo  give  the  S.  E.  R-  at  least  fats 

time-signals  a  day  ;  but,  in  ^ict,  they  give  us  any  amount  of 

signals  ;  they  are  coming  to  us  all  day  long.    They  were  to  [ODTide 

and  maintain  a  clock  at  London  feidge,  which  they  do ;  or  ratber 

wc  do  for  them,  and  save  them  all  trouble.  The  wires,  etc,  and  the 

clock  were   to  remain  the    property  of  the  Royal  Observatory ; 

and  one  wire  (No.  3)  at  London  Bridge  was  to  be  connected  as 

required  by  the  Astronomer  Royal  with  outside  wires.    '  *  The 
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are  to  be  used  for  no  purpose  whatever  except  for  the 
traosmission  of  time-signals  ;  and  of  warning  signals  connected 
with  time-signals ;  and  for  the  regulation  of  clocks  belonging 
either  to  the  Govemmen^,  the  South  Eastern  Railway,  or  publick 
telegraph  companies;"and  this agieeinent  maybe  terminated  on  one 
year's  notice  being  given  by  cither  party  to  the  other,  at  any  time. 
I  will  now  attempt  to  describe  the  anangemenis  for  sending 
time-signals,  which  are  so  exceedingly  simple  that  if  I  fail  to 
make  you  understand  the  principle — I  shall  not  trouble  you  with 
the  details — the  fault  H-ill  rest  with  me  and  not  with  you.  There 
is  a  drawing  on  the  board,  which  will  give  you  a  very  simple 
idea  of  it.  One  pole  of  a  battery  at  the  Royal  Observatory  is 
connected  with  the  earth,  and  the  wire  from  the  other  pole  goes  into 
the  clock,  where  it  is  connected  with  a  spring  which  we  may  call 
a.  In  the  clock  there  are  two  pairs  of  springs,  a  h  and  c  d.  A 
wire  from  b\a  c  connects  one  jiair  electrically  with  the  other ;  and  a 
wire  from  1/ goes  by  the  time-wire  No.  1  to  a  clock  at  London 
Bridge ;  where  in  the  normal  state  of  things,  it  is  in  connection 
with  the  Clerkenwell  wire,  also  in  the  normal  state,  the  circuit  is 
cut  both  at  a  b  and  &lc d\  so  that  no  electricity  can  pass  out 
from  the  battery.  Now  the  arrangement  in  the  clock  is  simply 
this, — that  the  pair  of  springs  a  /'are  pushed  together,  by  a  pin  on 
the  minute  wheel  of  the  clock,  at  the  end  of  every  minute ;  but, 
Bo  long  as  the  springs  c  a'  are  still  apart,  nothing  happens.  But 
the  springs  i  d  axe  jjut  together  at  the  end  of  every  hour,  that  is, 
say  at  59  minutes  or  so,  and  are  held  together  for  two  minutes  ; 
and  when,  at  the  60th  second  the  two  springs  a  b  touch,  the 
current  goes  to  the  Horological  Institute  in  Clerkenwell  and 
moves  their  needle ;  and  they  receive  a  signal  every  hour  that 
we  concede  lo  them.  \Ve  undertook,  originally,  to  give  them  one 
signal  only  per  day,  but  it  is  more  convenient  lo  give  them  every 
signal  we  do  not  want  ourselves ;  and  when  we  require  a  signal, 
the  clock  detaches  the  Greenwich  wire  from  them.  The  S.  E.  R. 
take  £.  signal  at  8  o'clock  in  the  morning,  one  at  10,  then  at  1 3,  at  i , 
at  3,  and  at  4,  and  the  Horological  Institute  have  all  the  other 
signals  day  and  nighi.  At  London  Bridge  we  erected  a  large  electric 
clock  in  connection  with  the  Normal  clock  at  the  Royal  Observa- 


as* 


GALVANIC  TIME  SIGNALS. 


tory;  and  started  it  on  March  and,  1855.  At  the  hours  when  the 
Railway  Company  require  the  signals,  a  camm  on  a  24-hour  wheel 
moves  forward  a  set  of  springs  into  such  a  position  that  a  finger  on 
an  hour  wheel  lifts  the  Greenwich  wire  away  from  the  Clerkenwell 
wire  and  presses  it  against  the  spring  of  anotlier  wire,  which  leads 
to  Dover ;  it  not  only  presses  it  against  the  Dover  wire,  but 
moves  the  Dover  wire  from  where  it  ought  to  be  at  other  times, 
and  holds  the  two  wires  together  for  about  a  couple  of  minutesi 
and  the  signal  goes  in  due  course  to  Dover.  At  another  time 
of  the  day,  an  analogous  act  occurs  and  the  signal  goes  to  Maid- 
stone. A  mere  glance  at  the  drawing  before  you  of  what  we  call 
the  Gate  of  the  London  Bridge  clock,  showing  the  apparatus  for 
lifring  the  Greenwich  wire  away  from  the  Horological  Institute 
wire,  and  putting  it  on  to  the  Dover  or  Maidstone  wire, 
would  show  you  that  it  would  not  be  convenient  to  attempt 
to  weary  you  with  the  details.  For  conveying  the  signals  to 
Deal  the  details  are  also  rather  complicated,  as  you  will  see  by 
looking  at  that  lai^e  diagram  behind  me-  On  the  diagram 
are  a  series  of  red  dots,  which  show  the  route  from  Green- 
wich to  Deal,  and  three  or  four  red  crosses  ;  the  red  crosses 
are  to  show  where  the  wire  is  broken  and  put  together  by 
means  of  springs.  I  have  explained  to  you  what  is  done  at  the 
Royal  Observatory,  and  you  will  see  there  the  red  cross.  If  you 
will  follow  the  dots  and  reach  London  Bridge,  you  will  get  to 
another  cross ; — the  operation  there  I  have  already  explained. 

At  Ashford,  instead  of  going  on  direct  to  Dover,  the  dots 
turn  off  at  the  Ramsgate  branch,  and  go  along  to  Minster, 
and  from  thence  to  Deal,  into  the  Ball-tower,  where  I  show  a 
rough  sketch  of  the  ball.  There  used  to  be  a  clock  at  Ashford  Sta- 
tion that  did  precisely  the  same  sort  of  work  as  that  I  have  already 
described.  It  removed  the  London  wire  from  Dover  and  placed 
it  upon  the  Deal  wire  ;  and  this  it  did  daily  just  before  one  o'clock, 
and  held  it  there  for  a  couple  of  minutes,  until  the  signal  passed  to 
Deal  and  dropped  the  ball.  There  was  something  special  about 
the  clock  at  Ashford,  to  which  I  shall  refer  further  on. 

Time-signals,  as  I  have  said,  pass  out  of  the  South  Eastern  Rail- 
way by  No.  3  wire,  to  the  great  Central  Telegraph  Office,  once 
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in  Telegraph  Street,  now  at  St.  Martin's-Ie-Grand.  Whence 
they  require  to  distribute  a  large  number  of  signals  at  the  same 
time.  This  is  a  drawing  of  their  instrument  which  is  very  compli- 
cated, as  you  see ;  but  the  broad  principle  is  to  receive  a  signal 
from  Greenwich,  and  to  distribute  it  by  arrangement  in  all  directions 
on  their  wires.  A  gun  is  fired  by  Greenwich  signal  at  Newcastle, 
and,  in  fact,  many  other  places.  Here  is  one  of  Professor  Abel's 
fuses  with  which  the  gims  are  fired,  which  is  put  into  the  touch- 
hole  of  the  gun,  and  the  telegraph  wire  passes  through  it,  and 
when  the  proper  current  of  electricity  is  sent  the  fuse  explodes. 
Jf  the  gun  in  these  grounds  fires  in  a  few  minutes  it  will  be  fired 
by  a  fuse  of  that  kind.  The  Astronomer  Royal  has  been  very 
anxious  for  many  years  past,  but  has  not  succeeded  in  inducing 
the  Government  to  see  it  with  him,  to  drop  a  ball  daily  at  Start 
Point,  the  extreme  south-west  of  England,  for  the  use  of  ships; 
so  that  having  taken  their  dironomeler  lime  at  Deal,  in  passing 
out  they  might  correct  their  chronometer  time  at  Start  Point. 
That  still  remains  to  be  done. 

Now  I  must  say  a  few  words  as  to  electric  clocks.  Electricity  is 
used  with  clocks  either  for  driving  them,  that  is  taking  the  place  of  a 
-spring  or  a  weight  as  the  motive  power, — or  for  correcting  them 
and  putting  them  right  when  they  are  wrong — or  for  controlling 
thero.  There  is,  as  you  have  heard,  a  large  set  of  electric  clocks 
in  the  Royal  Observatory,  moved  by  electricity  distributed  from 
one  chief  clock,  with  which  each  clock  is  kept  always  true, 
I  have  now,  and  have  had  since  the  year  1851,  a  set  of 
four  such  clocks  in  the  Telegraph  works  at  Tunbridge,  and 
they  are  constantly  going.  One  serves  the  telegraph  office,  one 
serves  the  station,  another  serves  our  workshops  on  the  inside 
and  another  one  on  the  outside.  1  have  made  a  calculation  of 
the  amount  of  electricity,  or  of  the  amount  of  zinc — which  is  the 
most  convenient  form  for  estimating  it — consumed  in  working 
that  set  of  four  clocks,  with  which  you,  Mr.  Glaisher,  have  been 
very  familiar  from  the  first.  We  require  30  cells  of  the  platinized 
.graphite  battery,  and  consume  13  Jibs,  of  zinc  per  annum.  Clocks 
however,  are  rather  troublesome  and  expensive  to  move  by 
electricity,  because  of  the  large  portion  of  each  minute  ihat  the 
■electricity  is   on  duty.     I  have   here    a  memorandum  showing 
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that  for  more  than  two-thirds  of  every  second,  or  two-thtrds 
of  a  year,  the  battery  is  in  circuit  and  in  action. 

Then,  again,  clocks  are  corrected  by  electric  currents.  An  ordi- 
nary clock  is  made  to  keep  time  as  near  as  may  be,  and  is  corrected 
by  electricity.  The  one  referred  to  above  in  Lombard  Street  has 
been  working  since  1857  in  this  way.  On  the  arbor  of  the  minute 
wheel  is  a  sort  of  V,  and  of  course  if  the  clock  is  a  little  too  last 
or  too  slow  that  V  will  be  n  little  to  the  right  or  a  little  to  the  left 
of  the  vertical  at  a  certain  time.  The  keeper  of  an  electro- magnet 
carries  a  solid  V.  When  the  signal  comes  from  Greenwich  at  noon 
down  goes  that  solid  V  into  the  hollow  V,  and  thrusts  the  V  fork 
backwards  or  forwards,  and  puts  the  clock  right  once  a  day. 

The  electric  clock  at  Ashford  was  put  right  once  a  day  in  rather 
a  peculiar  way.  We  made  it  gain  a  little, — rather  more  than  a 
seconJper  day,  and  we  so  arranged  it  that,  when  it  showed  r  p.m. 
o'clock,  a  pill  pushed  a  spring  aside,  cut  off  the  electricity,  and 
the  clock  stopped.  The  i  p.m.  signal  from  Greenwich  on  its 
way  to  Deal,  in  passing,  turned  the  electricity  on  again,  and 
at  I  o'clock  the  clock  started  fair  again,  showing  true  time. 

In  clocks  controlled  by  electricity,  you  start  with  a  good 
regulator,  having  a  seconds  pendulum,  and  you  get  it  to  show  very 
fair  time.  Then  there  are  two  or  three  ways  of  arranging  the 
appUcation  of  electricity.  The  pendulum  carries  a  magnet,  pre- 
senting its  poles  to  a  core-less  electro -magnet.  Electricity  is 
sent  in  alternate  seconds  through  the  wire  of  this  magnet  from 
a  good  dock,  and  if  the  pendulum  is  disposed  to  go  a  little  too 
fast  or  a  little  too  slow,  losing  or  gaining  a  few  seconds,  the  cur- 
rents of  electricity  check  or  control  it,  and  thus  you  have  a 
dock  showing  true  time.  The  dock  at  London  Bridge  Station 
in  connection  with  the  Royal  Observatory,  has  been  used  for 
many  years,  and  frequently  goes  for  several  months,  notwithstand- 
ing all  the  little  hitches  that  may  occur  on  a  railway,  with  the 
breaking  of  wires  and  other  matters,  and  shows  precisely  the 
same  second  with  the  Royal  Observatory  ;  and  1  believe  it  is 
doing  so  at  this  moment.  The  pallett-arbor  of  this  dock 
carries  a  pair  of  bar-magnets,  which  oscillate  above  the  poles 
of  an    electro-magnet,   that  receives  controlling  currents   from 
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^POreenwich.  The  wire  of  ihis  clock  does  not  stop  at  London 
Bridge  ;  it  continues  along  to  the  East  India  Stores,  in  Belvedere 
Roaii,  Lambeth,  and  passes  through  a  clock  which  it  controls 
there  for  the  use  of  the  Astronomer.  It  was  established,  with  our 
help,bytheIateCoionelSlrange,F.R.S.,and  the  clock  iskept  correct 
with  Greenwich.  Then  the  wire  comes  back  and  goes  through 
the  streets,  to  Mr.  De  La  Rue's  factory  in  Bunhill  Row,  where 
there  is  also  a  clock,  which  he  exhibits  to  the  public.  That  also 
makes  accurate  beats  with  the  pendulum  at  Greenwich.  There  is 
an  ingenious  tittle  plan  for  letting  us  all  know,  as  we  cannot  tell 
without  it.  unless  we  have  another  wire  and  instrument,  whether 
the  clock  is  behaving  properly — that  is,  one  of  the  seconds  does 
not  come,  or  rather  as  we  do  not  lake  them  every  second,  but 
every  even  second,  one  of  them  (that  is  the  one  two  seconds  past 
the  hour)  does  not  come :  it  is  cut  off  at  Greenwich ;  so  that  by 
noting  that  the  hrst  signal  that  follows  the  blank  shows 
the  clock  four  seconds  past  the  hour,  we  know  that  the 
clock  is  perfectly  right.  I  cannot  attempt  to  go  into  the  details  of 
a  thing  so  intricate  as  the  trains  of  wheels  which  are  used  for  this 
purpose.  The  Chairman  reminds  me,  for  you  see  he  is  as  well 
acquainted  with  these  arrangements  as  1  am,  of  the  ball  at  Deal 
on  reaching  the  bottom  of  the  mast,  touching  some  springs  and 
sending  a  signal  back,  before  we  have  broken  the  wires  again,  to  the 
.  Koyal  Oljservatory,  as  a  proof  that  it  has  done  its  work  correctly 
ind  has  dropped  the  ball.  The  Astronomer  Royal  is  also  able 
>  see  from  the  lime  at  which  the  signal  arrives  whether  it  is 
rorking  properly.  It  generally  gets  back  in  fifteen  or  sixteen 
iconds :  if  he  were  to  see  it  in  five  or  ten  seconds  he  would  be 
ware  that  the  apparatus  was  not  well  adjusted,  that  the  bail  fell 
D  fast  and  might  do  damage  to  the  building.  On  the  other  hand, 
f  it  were  thirty  or  forty  seconds  before  the  signal  returned,  he 
)uld  know  that  the  piston  required  greasing  or  something 
the  sort.  With  regard  to  the  Westminster  clock.  The 
original  proposition  was  that  the  Greenwich  signals  should  be 
sent  to  Westminster,  and  to  the  Royal  Exchange.  It  was  not 
carried  out  to  the  Royal  Exchange,  but  the  Westminster  clock 
f  receives  signals  systematically,  and  also  sends  back  a  record  to 
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the  Royal  Observatory,  which  record  is  kept ;  and  Sir  George 
Airy,  in  that  building  on  the  top  of  Greenwich  Hill,  knows  all 
about  the  clock  at  ^Vest^linster,  much  better  probably  than  those 
who  are  immediately  under  it.  I  regret  that  you  have  not 
been  alarmed  by  the  gun  firing  at  9  o'clock,  for  it  is  now 
five  minutes  past  nine ;  but  there  were  some  doubts  about 
it,  because  the  officers  of  the  Post-office  who  were  acquainted 
with  the  wires  happened  to  be  away,  and  the  gentleman  who  is  now 
present  was  not  quite  sure  which  was  the  proper  wire  without  a 
little  trial. 

I  will  just  say  one  word  for  the  information  of  those  who 
are  unaware  of  it,  how  they  find  out  the  time  at  Greenwich  j 
because  it  is  obvious  to  you  that  they  must  hnd  the  time  before 
they  can  send  it.  On  the  diagram  before  you,  the  circle  with 
several  lines  across  it  may  be  taken  as  a  transit  instrument 
directed  to  the  south,  where  an  observation  is  taken  of  the  sun  or 
of  any  one  of  a  large  number  of  stars,  whose  time  of  passing  die 
meridian  is  known.  Day  or  night,  it  is  immaterial ;  the  star  is 
watched  in  passing  those  wires,  and  the  time  of  its  passing  is 
taken  ;  in  fact  it  is  printed  upon  a  drum  in  another  part  of 
the  building,  by  touching  a  spring  with  the  finger,  by  ilie  person 
who  is  watching  the  telescope ;  then  certain  calculations  are 
made  for  reducing  this,  which  is  sidereal  time,  to  mean  time, 
and  the  Normal  clock  which  is  used  for  distributing  the  time  is 
set  right  to  mean  time.  It  is  always  set  right  before  10  o'clock,  and 
againatthe  important  times  of  the  day.  Ten  o'clock  is  of  importance 
for  all  the  post  offices  in  the  kingdom,  and  i  o'clock  for  drop- 
ping the  ball  at  Deal.  I  have  a  drawing  here  of  every  detail  of 
the  transit  in.strument,  used  for  observing  the  passage  of  the 
sun  or  stars. 

Time  has  been  measured  in  various  other  ways,  which  it  would 
Uke  a  long  course  of  lectures  to  go  into.  Sir  Charles  Wheatstone 
very  early  measured  the  time  it  took  for  the  electric  spark  to 
travel:  he  got  out  the  result,  which  we  well  know,  as  335,000 
miles  in  a  second.  In  front  of  the  81. ton  gun  at  the  Royal 
Arsenal  they  have  a  couple  of  screens  of  wire  at  a  distance 
which  is  known;  the  shot   is   fired    through  these  screens,  and 
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when  it  breaks  the  first  it  cuts  off  electricity,  and  then  breaks  the 
second  and  cuts  off  electricity  there.  Then  there  is  an  ingenious 
instrument  at  some  litlle  distance  off  in  an  office,  which  records 
most  accurately  the  very  great  velocity  of  the  shot,  through  that 
short  distance  of  a  dozen  or  so  of  yards.  The  first  wire  that  is 
broken  causes  the  drop  of  a  rod  of  iron,  which  had  been  held  up  by 
an  electro-maguet  and  drops  when  the  current  breaks ;  another  rod 
is  dropped  when  the  second  screen  is  reached,  and  it  is  so  arranged 
as  to  make  a  mark  on  rod  No.  i.  They  then  refer  to  a  scale,  and 
are  thereby  enabled  to  measure  with  the  greatest  accuracy  these 
high  velocities.  I  would  refer  those,  who  would  know  more  than 
could  be  expected  in  this  one  lecture,  to  Hughes'  Reading  Books, 
vol.  iii.  pp.  322-7,  185C  ;  to  De  la  Rives'  Electricity,  vol.  iij.  pp. 
.t63-84,  1858.  Mr.  Ellis,  of  the  Royal  Observatory  Electrical 
and  Time  Department,  delivered  a  lecture  before  the  Horo- 
logical  Institute,  on  the  24th  February,  1865,  which  is  reported  in 
ihe  April,  May,  June,  and  July  iiumijcrs  of  the  Hanilogicai  y^mnial, 
and  copiously  illustrated,  and  contains  in  detail  niost  of  tvhat 
I  have  given  you  very  briefly.  In  Nature,  on  the  1st  April, 
1875,  and  on  the  i8th  May  and  isl  June,  187O,  there  arc  also 
some  exceedingly  good  accounts  of  matters  connected  with  the 
Observatory  at  Greenivich,  and  they  also  are  well  illustrated.  Pro- 
fessor Grant,  of  the  Observatory  at  Glasgow,  printed  a  letter  only 
last  week,  addressed  to  the  Provost  of  Glasgow,  on  the  lylh  May 
last,  the  purport  of  which  is  to  show  that  it  was  Veally  time  that 
the  autliorilies  of  Glasgow  should  provide  for  the  time-signals 
which  ihe  Observatory  there  are  supplying,  as  the  Royal  Observatory 
is  here,  at  their  own  cost,  to  thirteen  clocks  in  Glasgow,  controlling 
by  electricity  included.  The  desciiption  of  the  chrono-trepeter, 
which  I  passed  round  the  room,  is  a  pamphlet  by  Mr.  Varley,  but 
I  cannot  give  you  the  date  of  its  publication.  It  was  printed  by 
Waterlow.  Then  there  is  a  good  description  of  the  Greenwich 
transit  instrument,  which  is  probably  in  the  libraries  of  all  the 
scientific  societies;  and  there  are  the  annual  reports  of  the 
Astronomer  Royal,  which  are  in  the  volume  I  have  been  quoting 
from. 

Before  I   take  my  leave  I  have  lo  thank  you  for  listening  so 
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patiently  to  a  lecture  which  has  so  few  popular  attractions,  and 
which  has  been,  as  I  warned  you  it  would  be,  very  much  a  matter 
of  dry  detail. 

The  Chairman  :  Ladies  and  Gentlemen,— I  scarcely  need  rise 
to  ask  you  to  thank  the  lecturer,  for  you  have  already  done  so,  but 
I  may.  perhaps,  be  permitted  to  make  a  few  remarks.  As  a  con- 
sequence of  this  great  system,  for  great  it  is,  of  sending  time- 
signals,  not  only  over  all  England  but  almost  all  over  the  world, 
we  have  been  enabled  to  determine  the  longitude  of  places  with 
3  greater  degree  of  accuracy  than  had  hitherto  been  attempted, 
Even  at  the  present  moment  the  longitude  of  Vienna  is  being 
determined ;  that  is  to  say,  if  the  sky  is  clear  at  Vienna  and  a  star 
is  observed  to-night  on  the  meridian,  a  signal  is  sent  to  Greenwich, 
and  is  recorded  there ;  and  if  the  star  should  be  observed  at 
Greenwich  to-night,  the  interval  of  lime  between  the  two  is  noted, 
thus  showing  the  exact  difference  of  longitude  between  the  two 
places.  Besides,  the  time  signals  have  a  great  educational  in- 
fluence upon  the  country.  1  have  been,  when  a  young  i 
in  many  villages  where  the  people  did  not  know  the  time  to  within 
two  hours ;  but  now,  I  ask  you,  is  it  possible  to  go  to  any  villagi 
or  any  place  in  the  country  where  the  time  is  not  known  to  within 
as  many  minutes  ?  Then,  consider  how  punctual  it  compels 
all  to  be,  for  the  railways  start  their  trains  by  Greenwich  time ; 
and  therefore  we  are  all  compelled  to  be  punctual,  which  is  very 
different  from  v^hat  people  were  when  I  was  a  boy,  That  alone 
is  a  great  blessing.  It  is  impossible  to  trace  all  the  good  effects, 
for  they  appear  in  so  many  different  directions.  Things  were 
othenvise  at  the  date  of  the  conversation  to  which  1  have  referred, 
and  which  took  place  at  Tunbridge,  where  I  happened  to  be  upon 
some  other  experiments  with  Mr.  Walker.  I  may  mention  one 
Other  matter  which  has  come  under  my  notice  as  Chairman  of  tiie 
Meteor  Committee  of  the  British  Association.  You  know  that  if 
a  meteor  be  seen  the  observation  is  of  no  value  (as  we  cannot 
calculate  the  distance  of  the  meteor  from  the  earth)  unless  we 
know  the  time  nearly  accurately ;  and  it  is  quite  common  now, 
if  anybody  sees  a  meteor,  for  him  to  look  at  his  watch  and  go  as 
soon  as  he  can  to  the  railway  station,  and  by  that  means  he  is 
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eoabled  to  send  us  the  time  at  which  the  meteor  was  seen,  and  it 
is  by  means  of  such  observations  that  the  tracks  of  many  meteors 
have  been  observed,  and  that  the  progress  of  meteoric  astronomy 
has  been  rendereii  so  rapid  in  recent  years.  Were  I  to  mention 
a  number  of  other  instances  of  the  kind  that  occur  to  me  I 
should  indeed  drc  you. 

I  am  desired  to  tell  you  that  the  clock-signal  was  received,  but 
that  the  clock  failed  to  act ;  but  as  we  know  that  it  drops  a  ball 
every  day  at  Deal,  and  that  there  is  a  gun  fired  at  Newcastle  every 
day  in  this  manner,  you  can  easily  believe  that  it  is  only  a  little 
inexperience  which  has  caused  it  to  fail  here  to-night.  However, 
you  have  had  the  benefit,  in  Cbnsequence,  of  a  little  longer  lecture, 
and  1  will  now  only  ask  you  again  to  express  your  thanks  to  Mr, 
Walker  for  giving  us  the  result  of  his  experience,  for  that  is  what 
he  has  done  to-night ;  and  any  one  who  will  tell  us  faithfully  and 
truly  his  own  experience  in  connection  with  the  history  of  any 
matter  of  this  kind,  does  what  is  of  infinite  value,  and  prevents  a 
great  deal  of  labour  that  would  otherwise  have  to  be  encountered 
in  years  to  come  by  those  who  may  wish  to  learn  the  real  history 
of  the  past. 


REFLECTING  TELESCOPES. 

By  The  Earl  of  Rosse. 

yuly  \%th,  1876. 


Sir  Henry  Cole,  K.C.B.,  in  the  Ch*ir. 

The  Eari,  of  Rosse  :  Mr.  Chaimian,  Ladies  and  Gentlemen, — 
The  subject  on  which  I  propose  to  address  you  is  one  of  veiy 
great  extent,  and  the  immense  variety  of  the  applications  of 
the  telescope,  of  course,  very  much  complicates  it.  Its  uses 
are  so  various  that  it  will  be  difficult  to  explain  all  the  de- 
tails of  the  construction  of  the  telescope  without  going  into 
practical  astronomy  to  an  extent  which  would  be  far  beyond  the 
limits  of  the  time  which  we  have  at  our  disposal  this  evening. 
My  task  is  made  somewhat  easier  because  the  able  asUonomer  of 
Oxford  last  week  gave  a  lecture  on  the  ordinary  telescope  of 
observatories.  I  was  not  here,  but  I  believe  that  he  dealt  with 
the  meridian  instruments  and  the  instruments  that  are 
in  public  observatories.  Therefore,  I  shall  apply  myself  to  the 
special  branch  of  the  subject— that  of  reflecting  telescopes,  and 
only  allude  to  refracting  telescopes  where  it  is  necessary  for  a 
comparison  of  the  two. 

My  subject  1  propose  to  divide  into  two.  The  nature  of  the 
reflecting  telescope  and  its  applicalions,  its  special  uses  for  par- 
ticular practice  of  astronomy  compared  with  the  refracting,  I 
will  first  speak  of;  and  then  I  propose,  as  far  as  time  will  admit,  to 
go  into  the  leading  points  of  the  construction  of  specula  and  the 
best  methods  of  mounting  telescopes. 

We  shall  all  be  agreed  that  the  telescope  may  be  defined  to  be 
an  instrument  for  the  better  seeing  of  distant  objects ;  but  beyond 
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this  thCTe  is  a  great  deal  of  misconception  as  lo  the  function  of 
the  telescope— as  to  the  way,  in  fact,  in  which  it  enables  iis  lo  see 
better  distant  objects  of  various  characters.  I  find  that  a 
general  notion  of  the  telescope  is  that  it  is  a  magnifier  of  distant 
objects,  and  I  have  it  constantly  brought  to  my  mind  that  that  is 
the  very  general  irfea  among  those  who  have  not  specially  studied 
optics.  From  having  had  handed  down  to  me  the  two  largest  tele- 
scopes in  the  British  Isies,  one  of  which  after  thirty  years  is  still 
the  largest  in  the  world  and  the  second  larger  than  any 
now  in  existence  in  the  British  Isles,  I  am  constantly  asked 
the  question,  "  How  much  does  your  telescope  magnify  ? " 
And  this  is  about  the  only  question  put  by  people  who 
wish  to  get  some  idea  as  to  the  power  of  my  telescope. 
Now,  magnifying  is  not  at  all  the  only  thing  that  the  telescope 
does,  and  it  is  not  a  property  peculiar  to  large  instruments.  Small 
spy-glasses  may  magnify  as  much  in  one  sense  as  the  largest  tele- 
scope. But  there  is  another  function  which  the  telescope  has  to 
perform — that  of  gathering  in  a  larger  amount  of  light  into  the  eye 
than  the  eye  can  take  in  when  unaided.  If  we  look  at  any  object 
with  the  naked  eye,  if  we  look  at  that  clock,  for  instance,  all  the 
light  that  comes  to  us  from  the  face  of  the  clock  is  simply  what 
falls  on  and  enters  the  pupil  of  the  e)'e.  The  pupil  of  the  eye  is 
estimated  to  be  about  from  one-fifth  to  one-tenth  of  an  inch  in 
diameter,  according  to  the  light  which  falls  upon  it.  The  stronger 
the  light  the  smaller  the  pupil  of  the  eye  becomes ;  it  is  the 
means  by  which  the  eye  adapts  itself  to  varying  circumstances 
and  enables  it  to  stand  a  strong  light,  and  to  see  an  object  in  a 
strong  light,  v? ithout  injuring  the  eye.  And,  at  the  same  time,  there 
is  the  power  of  expanding  the  pupil  to  gather  in  light  from  a  faint 
object  when  the  light  is  feeble. 

Now,  the  magnifying  power  of  an  instrument  is  very  easily 
ascertained.  It  is  obtained  by  dividing  the  foca!  length  of 
the  object-glass,  by  the  focal  length  of  the  eye-piece ;  or,  if 
we  do  not  use  an  eye-piece — and  it  is  not  necessary  to  have 
an  eye-piece  to  a  telescope — then  the  magnifying  power  is 
the  focal  length  of  the  object-glass  divided  by  the  distance 
at  which  we  can  see  the  thing  distinctly  with  the  naked  eye, 
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which,  with  the  average  of  people,  is  about  ten  inches  distance. 
Thus,  if  we  have  an  object-glass  of  ten  feet  focal  length,  the 
magnifying  power  will  be  twelve  no  matter  what  be  the  size  of 
the  object  glass. 

Now,  the  use  of  the  lens  is  to  enable  the  eye  to  get  nearer 
to  the  image  formed  by  the  object-glass, 
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Here  is  the  object-glass  c  of  a  telescope.  It  will  answer  just  as 
well  for  my  piu^ose  as  a  n:iiiTor  or  a  speculum,  and  here  aX  ab 
the  image  is  formed.  Here  {a  i),  the  rays,  coming  from  adistant 
object,  meet  in  a  point,  and  you  bring  this  lens  /'nearer  till  you  get 
it  at  such  a  distance  that  it  pushes  the  image  to  ten  inches 
distance  from  the  eye.  We  see  that  as  long  as  we  keep  the  pro- 
portion of  the  focal  length  of  the  object-glass  to  the  focal 
length  of  the  eye-piece  the  same,  the  tnagnifjnng  power  is  the 
same  whether  the  instrument  is  a  small  opera- glass  or  the  largest 
telescope  that  exists  in  the  world. 

Thus  we  can  magnify,  apparently,  indefinitely  with  any  lens. 

But  what  happens  with  magnifying  powers  ?  The  more  we 
magnify  an  image  the  fainter  it  becomes.  We  spread  over  a 
larger  image  the  light  which  is  gained  and  it  becomes  fainter. 
Therefore,  unless  the  object  is  very  bright— say  like  the  sun — 
when  we  magnify  we  must,  in  proportion,  enlarge  the  mouth  of 
our  telescope;  so  that  it  appears  that  magnifying  power  is  un- 
limited provided  that  we  have  the  aperture  of  the  telescope  unli- 
mited. If  we  find  a  six-foot  aperture  insufiicient,  we  may  say  that 
we  will  make  one,  if  we  can,  twenty  feet  in  diameter,  and  see 
farther  into  space. 

Now,  this  property  of  telescopes  is  an  eitceedingly  important 
one,  and  it  is  one  on  which  Sir  William  Herschel  laid  great  stress, 
and  which  was  exceedingly  important  for  his  department  of 
astronomy  and  for  that  in  which  my  late  father  himself  worked. 
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Sir  William  Herschd  called  that  property  the  "  space- penetrating 
power."  The  larger  ihe  mouth  of  the  telescope,  the  farther  you 
can  see  an  object  of  the  same  brightness  off  in  space.  Ordi- 
narily we  only  take  in  the  rays  which  fall  on  the  pupil  of  the  eye. 
When  we  present  a  mirror  to  it,  we  take  in  this  whole  cone  of 
rays.  If  we  want  to  see  from  twice  the  distance,  we  must  have 
double  as  large  a  mirror  to  take  it  all  in,  and  that  is  why  Herschel 
spoke  of  the  space-penetrating  power.  The  larger  your  object- 
glass,  in  general,  the  farther  you  can  penetrate  into  space. 

Now,  1  said  that  there  is  no  limit,  in  one  sense,  practically,  to 
magnifying  power.  The  shorter  the  focal  length  of  eye-piecC) 
the  higher  the  magnifying  power.  But  there  is  a  limit  to 
the  lowness  of  the  magnifying  power.  The  rays  from  every  point 
of  the  image  diverge  and  make  an  angle  equal  to  the  angle 
subtended  by  the  object-glass  at  the  image.  The  farther  we  follow 
these  lines  the  larger  that  cone  of  rays  is,  and  it  will  ultimately  , 
become  too  large  for  the  eye  at  e  s,  if  it  is  drawn  too  far  back.  If 
we  use  no  eye-glass,  the  cone  at  the  least  distance  of  distinct  vision 
will  be  loo  large  to  enter  the  pupil  of  the  eye.  If  the  magnifying 
power  is  less  than,  say,  fifteen  or  so,  with  an  aperture  of  three 
inches,  then  the  eye  will  not  take  it  all  in  j  but  by  increasing  the 
magnif>'ing  power  we  arrive  at  a  point,  which  I  will  call  the  least 
magnifying  power,  where  the  eye  can  take  in  llie  whole  of  the 
light  of  the  object-glass.  That  least  magnifying  power  is  equal  to 
the  aperture  of  the  object-glass  or  speculum,  divided  by  the 
aperture  of  the  pupil  of  the  eye.  Therefore  it  appears  that  we 
■  must  be  able  to  magniiy  to  that  extent  in  order  to  utilize  the  whole 
mirror.  If  we  have  not  that  magnifying  power,  though  we  have  a 
large  glass  or  speculum,  we  really  only  observe  with  that  light  which 
comes  from  the  more  central  parts  of  the  object-glass  or  mirror. 

There  is  a  practical  limit  to  the  size  to  which  your  telescope  is 
useful.  I  dare  say  that  many  of  you  may  have  noticed  that  the 
air  trembles  over  a  hot  beach  on  a  sunny  day.  That  trembling 
is  caused  by  hot  air  and  cold  air  mixing  together  and'  causing 
the  air  to  describe  a  crooked  path.  Well,  the  more  you  magnify 
the  more  you  magnify  that  trembling,  and  you  arrive  at  a  limit 
very  soon  where  the  shaking  is  so  great  that  though  you  have  the 
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object  larger,  it  is  so  confused  and  indistinct  that  you  gain 
nothing  by  magnifpng  it.  We  shall  see,  presently,  the  only  way 
in  which  that  difficulty  may  be  got  over.  Herschel  has  remarked 
in  respect  to  the  space  .penetrating  power,  as  he  calls  it,  that 
the  power  to  see  a  large  faint  object  when  you  increase  the  aper- 
ture enabled  him  to  see  a  church  clock  when  he  could  not  see 
the  steeple  with  the  naked  eye,  although  the  steeple  was  quite 
large  enough,  and  although  even  the  clock-face  was  large  enough 
if  the  hght  had  been  bright  enough.  As  an  example  of  the 
special  power  on  some  objects  which  that  lai^e  aperture  gives, 
here  is  a  drawing  of  the  nebula  in  Orion.  I  have  not  any  draw- 
ing here  to  compare  with  it.  Herschel,  Lassell,  Stnive,  Lament, 
and  a  great  many  observers,  have  made  drawings  of  it ;  but  this 
is  a  drawing  which  was  done  with  the  aid  of  the  six-feet  reflector 
some  years  ago,  and  it  contains  by  far  more  detail  than  any  other 
drawing.     There  are  also  many  objects   in   the  heavens   which 

we  call  spirals.     They  are  something  of  this  shape  [a     C^*  ], 

and  this  shape  [i^  C^  \  ].  The  spiral  configuration  was  first  per- 
ceived by  my  father,  with  his  six.foot  instmment.  Other  observers 
had  looked  at  these  objects.  Herschel  had  found  them  and  cata- 
logued them,  but  he  had  not  discovered  them  to  be  spirals.  The 
largest  spiral  was  something  very  small  as  seen  by  the  reflector. 

Herschel  drew  {a)  simply  of  this  shape  [  fT^  t],  just  a  small 

ring  with  a  bifurcation  in  it. 

Now,  having  shown  the  advantage  of  the  aperture,  I  will  come 
to  tlie  next  part  of  my  subject,  namely,  the  facility  with  which 
a  large  aperture  may  be  obtained  with  the  reflector.  This  is  the 
great  reason  for  adopting  the  reflector  in  these  days.  Newton, 
in  his  day,  constructed  this  small  telescope  which  belongs  to  the 
Royal  Society.  It  was  the  first  reflector,  I  beheve.  But  he  con- 
tracted it  to  get  over  another  difiiculiy — a  difficulty  which  occurs  in 
refractors,  but  not  in  reflectors.  In  both  you  have  some  difficulty  m 
getting  the  rays  of  one  colour  to  come  to  a  point.    But  in  additioa 
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while  in  the  case  of  the  reflector,  if  you  get,  say,  the  green  rays 
come  to  a  point,  you  get  all  the  rays  lo  come  to  the  same  point ; 
in  the  case  of  the  refractor,  the  violet  rays  are  more  refracted  or 
bent  than  the  others,  and  the  rays  of  various  colours  do  not  all 
come  lo  one  and  the  same  point  It  was  one  of  the  great  problems 
how  lo  get  all  the  rays  of  different  colours  to  come  to  a  jioint ; 
and  it  was  DoUond  who  discovered  an  approximate  solution. 
He  succeeded  in  solving  the  ditKcuJty  very  nearly,  and  others 
improved  upon  the  construction  of  his  object-glass.  His  object- 
glass  is  formed  of  two  kinds  of  glass— crown  glass  and  flint  glass. 
I  shall  not  have  time  to  go  into  the  construction  now,  but  by 
this  means  the  chromatic  aberration,  or  the  straying  away  of  a 
ray  of  one  colour  from  a  ray  of  another  colour,  is  corrected. 
There  is  still  a  point  in  which  it  is  imperfect.  You  can  get,  say, 
the  green  rays  to  go  to  one  point  and  the  red  rays  to  go  to  the 
same  point ;  hut  it  does  not  follow  that  you  can  get  the  violet 
rays  to  go  to  the  same  point,  and  the  rays  which  act  on  the  photo- 
graphic plates  do  not,  necessarily,  come  properly  to  a  point  when 
the  rays  that  affect  the  eye  do.  But  more  of  that  in  a  few  minutes. 
We  have  seen  that  the  amount  of  light  gathered  into  a  telescope 
and  what  comes  into  the  eye  is  roughly  proportional  to  the  sur- 
fece  of  the  glass,  or  speculum  that  catches  t!ie  rays  that  fall  upon  it ; 
but  here  is  a  lens  upon  which  forms  an  image  of  the  gas  over 
there.  Of  whatever  light  falls  upon  it  the  greater  pan  comes 
through  ;  but  about  5  per  cent,  is  thrown  back  from  the  first 
surface  and  is  lost.  In  the  same  way,  of  what  comes  through 
there  is  5  per  cent,  lost  on  the  second  surface,  and  that  is 
thrown  back  and  lost ;  so  that  10  per  cent,  of  light  is  lost  in 
passing  through  a  lens  of  glass.  In  the  case  of  a  speculum 
tliere  is  a  larger  amount  lost.  There  is  only  something  like  two- 
thirds,  or  about  63  per  cent,  which  is  reflected.  And  then  when 
you  use  the  second  reflector  there  is  only  63  ])er  cent,  of  the  re- 
mainder which  is  reflected ;  so  that  there  is  a  larger  amount  lost 
in  a  reflecting  telescope  than  a  refracting  telescope  when  the  teles- 
cope is  small.  But  the  percentage  of  loss  -roughly  35  percent. —  • 
by  a  mirror,  remains  the  same  whether  the  mirror  is  large  or  small. 
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There  is  another  cause  of  loss  in  a  refractor,  namely,  that  il 
the  glass  is  not  perfectly  colourless  there  is  a  loss  of  light  in  addi- 
tion to  what  is  reflected.  In  passing  through  the  glass  some  of 
the  light  is  absorbed,  and  the  larger  our  lens  the  greater  the 
thickness  of  the  glass  required  and  the  greater  the  amount  ot 
absorption  ;  so  that  if  a  refractor  be  superior  to  the  reflector  in 
proportion  to  its  size  when  it  is  small,  it  does  not  at  all  follow 
that  when  the  refractor  is  very  large  that  superiority  will  still 
continue.  It  has  been  estimated  that  a  48  inch  speculum  is 
about  equal,  ail  things  considered,  to  a  35^  inch  refractor  ;  so 
that  a  smaller  refractor,  it  seems  probable,  will  do  the  same  work  ; 
but  that  does  not  seem  to  be  at  all  established,  because  it  has  not 
been  thoroughly  tested. 

There  is  a  further  difficulty,  namely,  that  you  cannot  support 
the  glass  to  prevent  it  from  bending,  which,  if  I  have  time, 
I  will  go  into  presently.  The  mirror  you  can  support.  I 
may  mention  that  one  very  great  point  in  favour  of  the  reflec- 
tor is  that  even  if  you  succeed  in  making  a  refractor  of  from 
35  to  36  inches  diameter  of  object-glass — which  is  exceed- 
ingly doubtful,  none  ever  having  been  made  of  that  size— the 
cost  would  be  something  very  great.  It  has  been  estimated 
that  a  35  inch  refrartor  would  cost  £,i^,aao.  I  believe  that, 
taking  all  things  into  consideration,  that  is  considerably  within 
the  mark,  even  if  it  was  accomplished.  The  cost  of  a  48  inch 
reflector  is  about  ^5000  or  £fiooo.  There  is  considerable 
difficulty  in  making  the  mounting  in  addition  to  making  the 
object-glass;  although  the  object-glass  is  very  much  lighter, 
the  mounting  requires  to  be  strong,  and  the  building  larger 
owing  to  the  greater  focal  length  as  comiwred  with  a  reflector. 
I  have  looked  into  the  proportions  adopted  by  a  number  of 
first-rate  makers,  and  the  focal  length  varies  from  16  to  18  Cimes 
the  aperture.  Herschel  made  his  refleaors  with  focal  lengths  is 
the  proportion  of  twelve  limes  the  apertures.  Lassell  has  made 
the  focal  lengths  equal  to  ten  apertures,  and  in  those  at  Parsons- 
town  the  focal  length  is  equal  to  nine  apertures. 

Now,  there  are  two  ways  in  which  a  reflector  may  be  used. 
There  is  that  which  was  commonly  adopted  by  Herschel,  nainely, 
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I  what  he  calls  the  front  view.    Here  is  the  speculum.    Here  (J)  the 
I  rays  come  to  a  focus,  Newton  placed  a  plane  minor  here  and  threw 


■-->— f 


I  tte  light  (to  ;)  to  the  eye  sidewise,   as  you  will  see  in  this 

I  telescope.     On   this  plan  you  lose  a  second.  30  per  cent,  of  the 

1  tifht  coming  from  the  large  speculum  ;  but  by  using  no  plane 

I  leflector,  tilting  the  speculum,  and  putting  the  eye  here  {e),  at 

I  the  side  of  the  mouth  of  the   itibe,  you  save  all   that ;    but 

■you    lose    at    the    same    time    through    aberration    or   "  astig- 

lOatism,"    by    the   head    intercepting    ihe   light,    and    from    the 

reath  causing  disturbance  of  the  vision.    Both  constructions  have 

r  advantage.     The  "  front  view  "  gives  more  light  with  faint 

Ajects  which  are  ill  defined,  like  ihe  tail    of  a  comet,  where 

■■you  do  not  want  the  sharpness  of  vision  which  you  require  in 

I  the  case  of  a  star,  or,  most  of  all,  in  the  case  of  a  double  star, 

rwhere  you  want  to  separate  the  two  components.     But  in  the 

e  of  the  ncbulK  you  do  not  require  that  so  much  ;  therefore, 

I'fte  disturbance  of  vision  in  the  mirror,  and  throwing  the  optical 

rangement  crooked,  so  to  speak,  is  very  much  less  important 

n  the  loss  of  light  in  some  cases.    Herschcl,  in  consequence 

f  the  long  focal   length   he  employed,  was  able  to  use   the 

"firont  view,"  a  great  deal  more  than  we  have  at  Parsonstown. 

iPe  find  that,  for  most  purposes,  the  second  reflection  is  the  best. 

I  have  spoken  in  reference  to  nebula.     There  are  other  special 

Fflubjccts  for  which  the  reflector  is  peculiarly  adapted,  about  which 
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I  wish  to  speak  a  few  words.  Lately  to  the  work  of  the  observa- 
tory there  has  been  added  observarion  with  the  spectroscope.  It 
is  a  new  branch  of  astronomy,  and  I  have  had  very  little  experi- 
ence in  it  myself.  I  dare  say  that  many  here  present  know  that 
the  spectroscope  requires  the  light  which  is  lo  be  examined  K> 
pass  through  a  very  narrow  slit,  in  a  thin  plate  of  metal.  If  you 
examine  a  star  you  must  get  the  light  of  that  star  to  pass  through 
that  slit ;  and  it  is  evident  that  the  motion  in  following  the 
heavenly  bodies  must  be  so  arranged  that  you  get  the  light 
constantly  passing  through  that  slit,  which  is  a  matter  of  extreme 
difficulty ;  and  I  do  not  believe  that  any  clockwork  arrangement, 
without  help,  has  ever  kept  the  instrument  in  such  a  position  for  any 
length  of  time  so  that  the  light  will  pass  continually  through  the  slit 
A  great  deal  may  be  done  with  a  moderate  sized  instrument  by  just 
pressing  the  finger  upon  it,  for  the  metal  yields  a  little.  But  in 
the  larger  telescopes  this  is  attended  with  greater  difficulty.  For 
other  reasons,  which  it  would  take  too  long  to  go  into  here, 
spectroscopy  was  not  a  suitable  subject  of  investigation  for  my 
large  reflectors  ;  and  I  must  say  that  for  the  spectroscope,  at 
present,  the  refractor  seems  to  have  the  advantage  in  consequence 
of  there  being  less  absorption  of  the  rays  in  passing  through  a 
small  object-glass  than  in  reflection  from  a  speculum.  You  get 
a  brighter  spectrum,  and  I  think,  on  the  whole,  the  la^e- 
sized  reflector  does  not  give  it  advantages  which,  if  any,  are  at 
all  equal  to  those  that  are  given  by  it  in  other  investigations. 

I  now  come  to  another  line  of  investigation  which,  I  think,  is 
peculiarly  suited  to  the  reflector  as  opposed  to  the  refractor. 
That  is  the  examination  of  the  heat  of  the  heavenly  bodies ;  and 
that  being  a  subject  to  which  I  have  devoted  special  attention,  I 
will  ask  your  indulgence  for  a  few  minutes  while  1  allude  to  it. 
I  have  said  that  lo  per  cent,  of  light  is  lost  in  passing  through  a 
single  lens  of  glass ;  but  that  is  not  at  all  the  case  with  heat.  A 
very  much  greater  proportion  of  heat  is  stopped  by  the  glass. 
While  lo  per  cent,  of  light  is  stopped  in  passing  through  an  ordi- 
nary glass,  20  percent,  of  the  sun's  heat  is  stopped;  and  when  you 
(Ome  to  bodies  of  lower  temperature,  like  the  moon,  &om  10  to 
20  per  cent,  only  gels  through  ;  that  is  to  say.  So  or  90  per  ceot. 
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h  stopped  by  the  lens.  From  bodies  which  are  not  Inmmous  at  all, 
4Uch  as  a  vessel  containing  boiling  wati:r,  or  a  heated  mass  of 
iron  below  red  heat,  a  mere  trifle  gets  through,  or  it  is  doubtful 
whether  any  gets  directly  through  the  glass. 

Now,  this  fact  made  the  reflector  peculiarly  suitable  for  working 
at  the  heat  of  the  moon.  No  one,  I  think,  had  tried  any  appa- 
tatus  of  large  sixe  before  myself  except  Melloiii,  whose  name  is 
well  known  in  connection  with  the  thermo-piie,  an  instrument  for 
measuring  very  minute  quantities  of  railiant  heat.  He  took  a  com- 
pound ligh  thou  se- lens  of  about  3  feet  diameter— and  he  placed  the 
thenno-pile  in  its  focus.  If  he  got  any  deflection  it  was  exceed- 
ingly minute;  but  he  was  trying  to  measure  lo  or  ao  percent, 
only  of  the  whole  instead  of,  say,  60  per  cent.,  had  he  used 
the  reflector.  My  reflector  which  I  used  for  that  purpose  was 
Bot  my  large  one.  It  was  my  three-foot  reflector,  am),  conse- 
quently, my  concentrating  power,  if  it  were  not  for  that  difference 
between  the  reflector  and  the  refractor,  would  not  have  been 
euperior  to  this  lens  except  in  the  one  point.  Now,  this  is  the  actual 
apparatus  which  I  employed  on  the  moon.  The  three-foot  mirror 
would  be  nearly  as  far  [17  feel]  as  the  comer  of  the  room. 
I  do  not  know  what  distance  that  is.  This  was  presented  to 
the  speculum.  The  light  of  the  moon  fell  on  one  of  these 
mirrors  which  you  see  here,  and  was  concentrated  on  the 
&ce  of  that  ihermo-pile.  The  moon's  image  was  just  about 
the  size  of  one  of  these  reflectors.  These  reflectors  are  very  con- 
cave, and  they  threw  the  light  on  the  thermo-piles  fixed  in  these 
little  brass  tubes,  so  that  by  that  means  I  threw  on  the  faces  of 
the  piles,  the  light  falling  from  the  moon  on  a  surface  of  three- 
feet  diameter,  on  to  spaces  of  about  the  third  of  an  inch  diameter, 
and  allowing  for  the  loss  of  light  on  the  mirror,  I  concentrated  it 
about  three  thousand  times.  This  gave  me  a  great  advantage.  I 
Was  able  to  measure  the  moon's  heat  with  a  very  fair  amount  of  cer-  1 
tainty,  and  also  to  measure  it  when  it  passed  through  a  sheet  of  J 
{^ass,  a  sheet  of  glass  being  passed  acioss  the  face  here,  and  I 
was  able  to  estimate  the  projxirtion  at  various  ages  of  the  moon. 
This  diagram  represents  the  apparatus  on  an  enlarged  scale. 

Here  is  the  thenno-pile  [t,  t'J.     The  red  line  [n  t,  n'  t']  re. 
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presents  the  reflected  ray  falling  on  the  face  of  the  therrao-pile. 
Here  are  the  wires  [w  w']  which  went  to  the  galvanometer  which 


indicated  the  electric  current  arising  from  the  source  of  heal,  I 
used  two  piles  to  avoid  disturbing  causes  owing  to  the  currents  of 
hot  and  cold  air  which  take  place.  This  diagram  represents  the 
the  results. 

Here  is  the  first  quarter  of  the  moon ;  here  is  the  full  moon  ; 
and  here  is  the  last  quarter.  The  height  here  up  to  this  line 
represents  the  total  amount  of  heat  at  various  ages  of  the 
moon  :  and  the  lower  line  represents  what  passed  through 
glass,  and  this  is  all  that  Melloni  could  expect  to  get  from  his 
apparatus. 

1  will  now  pass  on,  as  the  time  is  advancing,  to  the  second 
part  of  my  subject.  Great  difficulties  were  experienced  at  the 
first  in  making  mirrors  of  large  size.  This  largest  mirror  on  the 
table  is  one  of  the  first  attempts  to  construct  a  mirror  of  any  size. 

It  may,  perhaps,  be  considered  behind  the  day  and  in  the 
nature  of  a  curiosity ;  but  1  propose,  as  far  as  possible,  to 
direct  your  attention  to  the  objects  in  the  exhibition,  and,  there- 
fore, I  will  just  briefly  describe  it.  [Compound  two-foot  minor 
with  brass  backings  was  described.] 

One  of  the  greatest  difficulties  in  constructing  a  mirror  of  spe- 
culum metal  is  the  extreme  britdeness  of  the  metal.    The  least 
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knock  wilt  break  it,  and  it  is  very  difficult,  when  it  is  of  any 
size,  to  prevent  its  cracking  in  cooling.  It  is  far  more  brittle 
than  a  piece  of  glass,  when  made  of  the  proper  composition,  and 
it  requires  to  be  annealed  with  great  precautions  in  an  oven.  The 
mirror  of  the  six-foot  reflector  took  five  or  six  weeks  to  cool,  so 
great  was  the  care  necessary  to  avoid  cracking.  The  proportion 
employed  and  found  best  by  my  father  was  about  two  parts 
of  copper  to  one  of  tin.  The  exact  proportion  is  3\  or  z\  of 
copper  to  I  of  tin.  That  is  an  exceedingly  brittle  metal.  Herschel, 
when  he  endeavoured  to  go  up  to  the  larger  sizes,  altered  the 
quality  of  his  metal,  to  enable  him.  to  cast  a  perfect  mirror,  which, 
though  inferiDr  in  proportion,  would  still  be  more  powerful  than 
the  smaller  one.  Accordingly,  as  he  came  to  a  larger  size,  he 
increased  the  proportion  of  copper  from  two  to  one,  and  gradually 
got  it  more  and  more,  till  his  48-inch  speculum  was  four  to  one, 
and  it  in  consequence  tarnished  very  rapidly  and  was  always,  more 
or  less,  of  a  bronze  colour.  I  may  mention  that  it  more  nearly 
approached  bronze  than  the  great  bell  of  Westminster.  I  believe 
that  the  proportion  in  that  bell  is  three  to  one.  It  is  a  very  brittle 
metal.  I  have  here  a  piece  of  speculum  metal  which,  I  have  no 
doubt,  if  it  were  held  over  a  candle  for  a  few  minutes,  would  all 
fiy  to  pieces,  and  when  struck  with  a  hammer  will  break  to  pieces 
if  it  is  of  the  proper  quality. 

One  of  the  diffioUties  in  casting  a  speculum  was  to  avoid  cool- 
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ing  il  unequally ;  at  the  edge,  probably,  more  rapidly  than  at  the 
centre.  The  equal  cooling  was  effected  in  earlier  times  by  pour- 
ing it  on  a  cast-iron  bed  with  a  mould-sand  ring  round  il. 
This  had  the  objection  that  the  air  imprisoned  in  the  metal  could 
not  be  driven  out  as  it  could  through  the  sand,  and  an  expe- 
dient was  hit  upon,  which  was  ray  father's  invention,  and  was  what 
we  may  call  the  bed  of  hoops. 

Here  is  the  bed  of  sand,  here  is  the  bed  of  hoops,  a  little  larger 
than  the  speculum,  and  the  bottom,  instead  of  being  made  of  cast 
iron,  was  formed  of  a  number  of  pieces  of  iron  laid  edgewise 
and  close  together,  and  wedged  up  by  another  piece.  The  metal 
falling  on  to  this,  was  instantly  cooled,  so  that  it  could  not 
gel  through  before  it  was  cooled ;  but  the  air  had  time  to  get 
through,  and  in  that  way  we  obtained  a  better  result  than  any 
which  had  been  got  in  other  ways.  Mr.  Lassell  adopted  the 
method  of  pouring  the  metal  in  at  one  side  of  a  tilted  mould 
which  was  brought  into  the  horizontal  position  after  the  metal 
was  in,  so  as  to  make  it  flow  over  to  one  uniform  depth. 
That  is  attended  with  some  difficulty  in  a  very  large  casting,  but 
he  produced  very  good  specula  in  that  way.  The  bed  of  hoops 
is,  I  believe,  still  considered  to  be  the  best  mode  and  was 
adopted  by  Mr.  Grubb  in  casting  sjjecula  for  the  great  Melbourne 
Refiecior.  We  will  just  try  this  metal,  [The  lecturer  struck  a 
piece  of  speculum  metal  with  a  light  hammer  and  thereby  fractured 
it,]  You  see,  it  is  a  much  smaller  blow  than  would  break  a 
piece  of  glass.  You  remark  that  the  colour  looks  very  white; 
though  it  is  two  to  one  of  copper.  You  will  notice  from  the 
surface  that  this  has  been  cast  on  a  bed  of  hoops.  There  are 
some  lines  or  inequalities  on  its  surface  which  are  caused  by  the 
bed  of  hoops.  In  the  case  of  small  mirrors  of  this  size,  we  just 
put  them  into  a  mass  of  warm  peat  ashes  and  let  them  cool  there 
for  three  days, 

I  must  pass  rapidly  on.  In  lenses  and  object-glasses  the  only 
surface  attempted  is  the  spherical  surface.  It  is  much  easier  to 
obtain  than  any  other,  and  it  is  the  only  one  that  can  be  obtained  by 
grinding.  Those  who  look  into  the  subject  will  see  at  once  that 
spherical  surfaces  are  the  only  ones  that  can  be  got  with  any 
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accuracy  and  certainty  by  grinding  two  surfaces  together.  In 
grinding  the  spherical  surfaces,  however,  the  same  curve  is  always 
obtained,  and  in  order  to  obtain  any  other  curve  you  must  do 
it  in  polishing.  The  proper  curve  for  a  reflector  is  the  paraboloid. 
!t  is  the  curve  whose  section  through  ihe  a.xis  is  a  parabola. 
Of  its  properties  I  will  simply  say  ihat  it  differs  from  the  sphere 
by  having  a  less  curvature  towards  the  edges.  Therefore,  in  polish- 
ing, the  aim  is  to  grind  down  the  edges  more  than  the  centre,  and 
that  is  effected  by  taking  advantage  of  the  elasticity  of  a  pitched 
surface  on  a  tool  similar  to  that  used  to  grind  with.  Here  is  a 
representation  of  a  pitched  surface.     The  black  squares  are  bits 


of  pitch,  and  it  is  necessary,  in  order  to  obtain  a  true  surface 
in  polishing,  a£  also  in  grinding,  and  to  prevent  the  surface 
being  convex,  to  have  grooves  cut  to  allow  the  excess  of  water 
and  emery  to  pass  along  the  grooves  in  the  grinder  to  an- 
other part.  And  ill  polishing  yon  allow  the  same  groove  for  the 
polishing  powder,  and  also  allow-  the  excess  of  pitch  to  squeeze 
out,  so  that  the  whole  thing  may  take  the  shape  of  the  speculum. 
The  whole  thing  is  produced  by  the  polisher  passing  out  beyond 
the  edge  of  the  mirror  and  expanding  gradually,  and  it  wears  the 
edge  down  by  its  elasticity  more  than  it  does  the  centre. 

There  are  so  many  points  to  be  considered,  that  I  can  only 
just  go  rapidly  through  them.  There  are  many  defects  in  polish- 
ing which  are  very  difficult  to  get  rid  of.  You  may,  by  having  the 
pitch  100  soft,  wear  the  soft  jjarts  of  the  metal  out  more  than  the 
bard  parts.  If  you  have  the  pitch  too  hard  the  polisher  will  not 
adapt  its  shape  to  the  speculum  properly.     If  )  ou  have  the  air 
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too  damp  the  polishing  powder  will  dry  too  slowly ;  and  if  you 
have  it  too  dry  the  powder  will  dry  too  quickly. 

I  have  now  to  speak  of  the  method  by  which  mirrors  can  be 
supported  at  the  back  when  of  large  size.  A  mirror  of  this  kind, 
which  is  what  they  call  a  composite  mirror,  as  I  should  have 
stated  earlier  in  the  lecture,  is  formed  by  putting  small  blocks  of 
speculum  metal  upon  an  alloy  of  zinc  and  tin  of  the  same  co- 
efficient of  expansion.  It  is  very  rigid.  As  an  engineer  would  make- 
a  stiff  iron  casting,  it  has  ribs  underneath,  and  the  thing  is  vciy 
much  stiffer  than  you  could  get  it  by  a  solid  block  of  metal  !ike 
this  piece.     This  is  the  support. 


It  is  made  to  stand  steadily,  on  a  system  of  triangular  levels 
resting  steadily  on  three  primary  points  [a,  a,  a].  By  that 
means  it  will  be  evident  to  any  one  who  considers  it  from 
a  mechanical  point  of  view,  you  can  support  that  little  triangle 
and  this  independently,  with  an  equal  pressure,  and  you  get  the 
whole  thing  quite  as  free  from  strain  and  much  more  steady  in  its 
position  than  Herschel  succeeded  in  doing  with  his  smaller  specula 
on  a  cushion.  His  was  the  simpler  plan,  but  it  is  found  to  be 
insufficient. 

There  is  another  method  of  constructing  specula  which  I  will 
explain — namely,  of  silvered  glass.  I  think  M.  Foucault,  a 
Frenchman,  first  introduced  it.  Steinheil,  and  several  others, 
worked  at  it.  This  is  one  made  by  Mr.  Browning,  of  London. 
It  is  a  disc  of  glass  which,  as  the  light  has  not  to  pass  through 
it,  does  not  require  to  be  as  pure  as  for  an  object-glass,  and  it 
is  ground  to  the  proper  curve,  as  we  grind  our  speculum,  and  it 
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is  turned  upside  down  on  a  bath  containing  a  salt  of  silver,  and 
the  silver  is  deposited  on  the  underside;  so  that  you  not  only 
gel  a  looking-glass,  but  you  can  polish  the  back  with  a  delicate 
rubber  and  a  little  rouge  and  get  the  back  surface  as  bright  as  the 
front.  It  has  one  great  advantage  over  the  metal  reflector,  and 
that  is,  that,  .tithaugh  there  is  a  difference  of  opinion  as  to  what 
the  actual  amount  of  light  is  which  it  reflects,  that  light  is  admitted 
to  be  rather  more  than  from  the  metal  reflector.  I  believe  myself 
that  though  it  is  not  as  much  as  solid  silver,  it  reflects,  perhaps, 
85  per  cent,  as  compared  with  62  or  63  per  cent,  of  speculum 
metal.  Pure  silver  reflects  90  per  cent.,  so  that  if  we  could  con- 
struct reflectors  of  puresilver,  we  should  at  once  have  a  reflector 
superior  in  every  way  to  the  refractor. 

This  is  a  polishing  machine  said  to  have  been  used  by  Sir 
William  Herschel.  Tliese  are  the  wheels  by  which  the  speculum 
works  on  the  polisher.  The  polisher  goes  round,  the  speculum 
moves  in  straight  lines,  and  the  speculum  goes  round  too  by 
means  of  a  rachet.  This  rachet  moves  the  speculum  round 
slowly,  and  the  polisher  moves  round  more  rapidly.  In  the  case 
of  our  machines  the  speculum  is  undermost,  and  moves  round  in 
the  same  way  as  the  polisher  here.  The  polisher  is  allowed  to  go 
round  by  its  own  action.  It  works  itself  round,  and  the  polisher 
goes  backwards  and  forwards  for  grinding,  or  else  moves  in  a 
circle ;  but  the  difference  is  that  the  stroke  is  the  same  at  all  times. 
In  the  case  of  our  machines,  instead  of  moving  this  way  in  the 
same  line  it  keeps  moving  this  way  and  then  back  again,  towards 
and  from  the  centre  of  the  speculum,  and  by  that  means  you  get 
more  variety  of  motion.  Vou  produce  strokes  at  every  distance 
from  the  centre  of  the  speculum,  and  you  get  a  far  truer  figure. 
There  is  another  plan  which  has  been  adopted  at  Parsonstown, 
and  which  has  been  modified  by  Mr.  Lassell,  in  which  the  strokes 
are  circular,  round  a  fixed  point. 

And  there  is  a  further  improvement  upon  that  which  I  believe  has 

I  been  employed  by  Mr.  Lassell,  and  also  in  general  at  Parsonstown. 
Instead  of  this  polisher  going  round  the  centre  of  the  speculum, 
practically  you  vary  this  point  from  the  centre — perhaps  half 
way  to  the  edge.  In  fact,  in  going  from  the  plan  that  Herschel 
T  a 
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found  the  only  successful  one — namely,  that  of  polishing  by  his 
hand  or  by  the  hand  of  the  workmen^for  his  own  unaided  hand 
was  not  powerful  enough— to  the  use  of  this  machine,  you  must 
try  to  get  a  variability  of  the  actual  strokes,  and  at  the  same 
time,  an  invariability  of  the  average  position  and  length  of  strokes. 

Now  to  come  to  the  mountings. 

This  is  one  of  Sir  William  Herschel's.  It  is  of  the  fonn 
which  we  call  alt-azimuth.  It  moves  in  altitude  by  screwing 
this  up  and  down,  and  I  think  also  by  this.  But  the  alc-a2imu& 
has  one  very  great  disadvantage.  You  cannot  with  one  motion 
follow  the  motion  of  (he  heavens.  The  apparent  morion  of  the 
heavens  is  round  the  axis  of  the  earth,  which  in  this  latitude  is 
51^°  in  altitude.  The  Equatorial  you  set  in  Polar  distance  by 
means  of  one  motion  [this,]  and  to  follow  the  object  you  have 
simply  to  turn  it  round  this  ajds  [polar  axis]. 

In  this,  knowing  from  your  catalogue  the  position  of  the 
heavenly  bodies — what  we  call  its  north  polar  distance — we  fix 
the  telescope  at  that  distance;  and  we  turn  it  round  to  the 
proper  distance  east  or  west ;  and  then  by  setting  the  clock 
going  we  can,  by  means  of  wheel  work  and  a  screw,  follow  the 
object,  which  it  is  very  desirable,  should  be  done  with  accuracy 
and  uniformity. 

This  is  the  ordinary,  the  most  common  mounting  of  telescopes  of 
every  size.  It  was  first  proposed  by  Fraunhofer,  a  German.  It  is, 
on  the  whole,  the  best.  It  has  one  disadvantage.  When  you 
come  to  the  south  point  you  have  to  turn  it  round  so  as  to  get 
the  tube  to  the  other  side  of  the  Polar  Axis  in  this  way,  before 
you  can  follow  the  object  on  towards  the  West.  That  is  rather 
a  troublesome  operation,  and  it  is  a  greater  disadvantage  from 
occurring  at  that  particular  position. 

This  is  a  model  of  the  great  work  of  Mr.  Grubb,  of  Dublin, 
which  he  has  in  hand— the  construction  of  a  large  refractor  for 
Vienna.  The  refractor — the  latest  yet  attempted— has,  I  think, 
27  inches  diameter  of  object-glass ;  and  much  bb  I  think  can  be 
done  siill  by  reflectors,  I  am  glad  to  see  this  experiment  tried  on 
a  large  scale,  and  that  persons  are  willing  to  undertake  the 
serious  task  of  constructing  large  refractors. 


n 


REFLECTING    TELESCOPES.  177 

This,  as  I  said  before,  is  a  model  of  the  great  reflector  at  Par- 
sonstown.  It  was  at  first,  and  in  fact  still  is,  the  only  attempt 
which  has  yet  been  made  to  mount  anything  so  large  as  a  six-fool 
mirror.  Though  you  cannot  follow  the  object  farther  than  from 
this  wall  to  this,  it  atil!  possesses  sorae  very  great  advantages. 
It  is  suspended  by  chains,  and  it  is  steadier  in  the  wind  than 
any  instrument  which  has  ever  yet  been  made  for  the  open  air. 
Vou  stand  in  these  galleries  sixty-feet  above  the  ground.  You 
look  through  the  eye-piece  here,  and  we  stand  in  this  gallery  or 
that,  according  to  the  position  of  the  object.  It  can  be  raised  up 
and  down  by  means  of  this  windlass, 

ITiis  is  a  motie!  of  the  great  Melbourne  telescope,  con- 
structed by  Mr.  Grubb,  who  has  made  such  a  high  name  for  him- 
self in  the  construction  of  large  instruments.  It  has  a  four-foot 
aperture.  It  has  been  erected  in  Melbourne,  and  has  been 
worked  for  the  last  seven  or  eight  years. 

As  that  is  the  newest  thing  in  refractors,  so  this  (the  new 
mounting  for  my  three-fool  reflector),  perhaps,  is  the  newest  thing 
in  reflectors.  The  former  mounting  (an  alt-azimutfa)  was  one 
which  had  the  advantages  which  I  spoke  of  just  now,  and  the 
same  disadvantages  as  Hersch el's— namely,  that  you  require  two 
motions  to  follow  the  heavenly  bodies. 

This  equatorial  is  of  the  Newtonian  arrangement,  but  cao  be 
easily  adapted  for  the  "  front  view,"  and  the  observer  stands  here. 
As  it  is  only  just  completed,  or,  I  may  say,  not  completed,  it 
would  be  premature  of  roe  to  go  farther  than  to  say  that  I  hope, 
I  have  every  reason  10  think,  that  it  will  be  worthy  of  a  place 
with  Ihe  other  mountings  of  large  instruments.  It  has  been  con- 
structed by  a  very  able  engineer. 

To  conclude.  I  have  said  that  there  is,  practically,  one  great 
difficulty  in  carrying  the  power  of  instruments  to  penetrate  into 
space  farther  than  a  certain  distance,  and  that  is,  as  we  tall  it, 
the  unsteadiness  of  the  air^heated  currents  and  cold  currents  of 
air,  which  prevent  our  using  the  minimum  magnifying  power 
perhaps  five  nights  out  of  six.  Now,  the  question  is.  What 
tan  be  done  lo  advance  farther  in  penetrating  into  space?  I 
believe    there    is   only  one    way— namely,    that    as    the    atmo- 
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sphere  is  the  great  difficulty  we  have  to  contend  with,  we  must 
endeavour  to  get  away  from  the  atmosphere  as  much  as  pos- 
sible. Ad  attempt  was  made  many  years  ago  to  test  the  advan- 
tage of  ascending  to  high  elevations  on  the  Peak  of  TenerifFc. 
The  late  Mr,  Robert  Stephenson,  the  engineer,  kindly  lent  his 
yacht  for  the  occasion,  and  Professor  Smyth,  of  Edinburgh,  went 
out  and  made  some  experiments  on  the  Peak  of  Teneriffe.  r 
think  that  the  experiments  were  insufficient  to  test  the  matter 
properly,  and  a  fuller  trial  should  be  made.  The  Americans  are 
already  talking  of  putting  up  an  instrument  of  large  size  some- 
where in  the  hill  country  —  in  the  Rocky  Mountains,  and  a 
large  sum  is  in  the  hands  of  trustees,  I  believe,  for  the  purpose ; 
so  we  may  hope  that  we  shall  before  very  long  see  the  instru- 
ment erected.  In  Ireland  we  have  even  more  cloudy  weather, 
and  more  rain,  than  here,  so  we  are  very  unfavourably  situated, 
and  the  large  reflector  does  not  receive  fair  play  at  all,  from  the 
weather.  But  while  the  American  Government  are  going  in  for 
such  a  large  refractor,  and  while  in  the  United  States  private 
individuals  are  talking  of  trying  to  advance  farther  in  that 
direction,  let  us  hope  that  our  own  country  will  not  be  behind- 
hand ;  and  many  as  are  the  subjects  which  the  Government  of 
this  country  are  most  liberal  in  trying  to  advance,  let  us  look 
forward  to  seeing  before  long  on  English  soil,  perhaps  in  the 
hill  districts  of  India,  in  a  suitable  climate,  and  at  a  suitable 
elevation,  a  reflector  of  large  size  which  will  surpass  in  its  results 
anything  that  has  ever  been  accomplished  before. 
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By  Mr.  J.  N,  Douglass. 


Admih 


.  Sir  R.  Collinson  in  the  Chair. 


The  Chairman  : — I  have  the  pleasure  this  evening  to  ask  you 
to  listt^n  to  a  gentleman  who  1  am  sure  is  perfectly  capable  of 
telling  you  fully  what  he  is  going  to  talk  to  you  about,  for  I 
suppose  there  are  few  jmrsons  at  present  who  have  so  complete 
a  knowledge  of  lighthouse  estabhshments  as  Mr.  J>ouglass. 
Therefore  wiihout  trespassing  further  on  your  time,  I  will  ask  him 
to  begin  his  Lecture. 

Mr.  J,  N.  Douglass  said  :  The  subject  of  lighthouses  is  one  of 
particular  interest  in  this  great  maritime  country  ;  for  to  every  part 
of  the  globe  where  civilization  and  commerce  have  spread  has  the 
advance  been  marked  and  facilitated  by  coast  lights. 

The  class  of  lighthouses  which  are  the  subject  of  our  lecture  are 
those  erected  upon  tidal  rocks  at  some  distance  from  the  coast, 
and  thus  exposed  to  the  full  fury  of  wind  and  waves.  The  first  of 
these  lighthouses  erected  in  this  country  was  that  upon  the  far- 
famed  Eddystone,  by  WinsCanley  in  1696.  This  was  a  timber 
structure,  ill  adapted  to  resist  the  heavy  seas  to  which  it  was 
exposed,  for,  during  a  furious  storm  in  November,  1703,  it  was 
completely  swept  away,  together  with  its  builder,  who  had  gone 
off  to  effect  some  necessary  repairs.  The  seijond  lighthouse, 
designed  and  erected  by  John  Kudyard,  was  a  combination  of 
wood  and  stone,  and  a  considerable  improvenient  as  regards  form 
and  stability  over  its  predecessor.  This  work  was  commenced  in 
1706,  and  was  first  lighted  ontheiSth  July,  1708.  It  successfully 
resisted  the  heavy  seas  to  which  it  was  exposed  for  47  years, 
when,  about  1  o'clock  on  the  morning  of  the  2nd  December,  1755, 
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the  lightkeeper  on  duty,  going  into  the  lantern  to  snuff  the  candles, 
found  it  fuU  of  smoke.  The  lighthouse  was  on  6re,  and  in  a  few- 
minutes  the  fabric  was  in  a  blaze.  Fortunately  the  lightkeepers 
were  rescued,  but  Rudyard's  lighthouse  was  completely  destroyed. 
The  third  and  present  lighthouse  on  the  Eddystone  is  the  Dobte 
work  of  that  eminent  father  of  civil  engineers,  John  Smeaton,  who 
gave  the  subject  the  most  eareful  investigation.  Through  the 
kindness  of  Mrs.  Croft  Brookes  we  have  before  us  the  first  model 
of  the  Eddystone,  which  is  stated  to  have  been  made  by  Smeaton's 
own  hands.  Smeaton  carefully  examined  the  plans  and  models 
of  the  two  former  lighthouses  :  by  this,  he  sought  to  ascertain  their 
defects,  with  a  view  to  their  avoidance  in  the  intended  new 
structure.  In  the  course  of  the  enquiry  he  became  convinced  that 
a  great  defect  in  the  late  building  had  been  its  want  of  weight, 
through  which  it  had  rocked  about  in  heavy  storms  and  would 
probably  have  been  washed  away  before  long  if  it  had  not  been 
burnt,  and  he  came  to  the  conclusion  that  if  the  lighthouse  wa; 
be  contrived  so  as  not  to  give  way  to  the  sea,  it  must  be  made  so 
strong  as  that  the  sea  would  be  compelled  to  give  way  to  the 
building.  He  also  had  regard  td  durability  as  an  important  point 
in  its  re-erection.  To  quote  his  own  words,  "  In  contemplatiiig 
the  use  and  benefit  of  such  a  structure  as  this,  my  ideas  of  what  its 
duration  and  continued  existence  ought  to  be  were  not  confined 
within  the  boundary  of  one  age  or  two,  but  extended  themselvt 
to  look  towards  a  possible  perpetuity. "  Smeaton  had  thus  arrived 
at  the  firm  conviction  that  the  new  lighthouse  must  be  of  stone, 
and,  with  regard  to  form,  the  idea  of  the  bowl  oi'  a  large  spreading 
oak  tree  presented  itself  to  his  mind  as  the  natural  model  of  a 
column  presenting  possibly  the  greatest  stability.  Another  point 
which  he  long  and  carefully  studied  was  the  best  mode  of  bonding 
and  dovetailing  the  blocks  of  stone  to  the  rock  and  to  each  other  in 
such  a  way  as  that  not  only  every  individual  piece,  but  the  whole 
fabric,  should  be  rendered  proof  again.st  the  external  forces  to 
which  it  must  be  subjected.  Smeaton  commenced  his  work  i 
the  spring  of  1756,  and  on  the  i6th  October,  1759,  the  light  was 
first  exhibited,  and  the  column  still  stands,  after  nearly  a  centur)' 
and  a  quarter,  a  lasting  monument  to  its  architect  and  builder. 
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The  illuminating  apparatus  of  SmeaCon  consisted,  as  did  its 
predecessors,  of  tallow  candles  weighing  two-fifths  of 
each  ;  these  were  mouoted  on  a  chandelier,  with  no  optical  agent 
for  directing  their  h'ght  to  the  sea  surface,  consequently  only 
a  small  portion  of  the  available  light  was  utilized  for  the  benefit  of 
the  mariner,  the  remainder  being  wasted  upon  the  sky  and  the 
roof  of  the  lantern.  This  is  not  surprising  when  it  is  remembered 
that  at  that  date  nearly  all  our  coast  lights  consisted  of  coal  fires, 
and  the  science  of  lighthouse  illumination  was  just  dawning, 
From  experiments  which  I  have  made  with  tallow  candles  of  the 
dimensions  of  those  used  at  the  Eddystone,  1  find  that  their 
illuminating  power  was  about  a^  standard  sperm  candles,  or 
English  units  of  light ;  this  would  give  as  the  aggregate  power  of 
the  beam  from  the  24  candles  67  standard  candles  or  units.  The 
consumption  of  tallow  I  find  to  have  been  about  jj  lbs.  per  hour. 
We  have  before  us  a  reflector  lent  by  the  Trinity  House,  which 
was  one  of  the  earliest  used  in  lighthouses.  It  was  invented  by 
William  Hutchinson,  and  was  first  used  at  Liverpool  about  1763, 
and  afterwards  at  Lowestoft  and  other  lighthouses  on  the  English 
coast.  The  surface  of  the  reflect'>r  is  approximately  paraboloidal 
in  form  and  is  covered  with  small  facets  of  silvered  glass.  The 
reflector  is  furnished  with  a  rude  oil  lamp,  having  a  flat  widt 
about  i\  inch  wide.  I  have  measured  the  masimum  intensity  of 
the  beam  of  light  emitted  by  this  reflector  and  find  it  to  be  about 
81  standard  candles.  Probably  when  the  reflector  was  new  the 
intensity  might  have  reached  100  candles,  or  about  36  times  the 
intensity  of  the  flame. 

In  the  year  1810  the  Trinity  House  substituted  24  sperm  oil 
lamps  and  paraboloidal  reflectors  of  silvered  copper  for  the  candle 
light  at  the  Eddystone.  One  of  these  reflectors  and  lamjis  lent 
by  the  Trinity  House  is  before  us.  They  were  constructed  from 
a  formula  proposed  by  Capt.  JosephHuddart.F.R.S-,  and  an  elder 
brother  of  the  Trinity  House  ;  they  are  still  used  in  some  of  our 
lighthouses,  and  are  known  as  Hudd.irt's  reflectors.  By  this 
improvement  the  intensity  of  the  light  at  the  Eddystone  was 
raised  to  about  1135  standard  candles,  or  about  16J  times  that 
of  the  candle  light.     In  1845  the  Trinity  House  further  improved 
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this  light,  installing  a  second  order  dioptric  apparatus  of  the 
system  of  Fresnel,  thus  increasing  the  intensity  of  the  beam  to 
about  3216  standard  candles,  and  in  1S72  an  improved  lamp 
of  larger  dimensions  was .  introduced,  thus  increasing  the  light 
to  about  7315  standard  candles,  or  about  109  times  the  power 
of  the  original  candle  light.  This  large  increase  in  power,  due 
to  the  aid  of  scientific  instruments,  is  obtained  at  about  one 
third  the  fonner  annual  cost  for  candles. 

Smealon's  success  with  the  Eddystone  led  to  the  erection  of 
several  similar  works  on  the  coast  by  the  Trinity  House  and  Com- 
missioners of  Northern  Lighthouses.  Among  the  earliest  of  these 
may  be  mentioned  the  Bell  Rock  and  tlie  Skerryvore,  designed 
and  erected  by  the  Stevensons,  father  and  sons,  who  have  done 
so  much  for  lighthouse  illumination,  and  among  the  most  recent 
and  difficult  are  the  Bishop  and  Wolf,  off  the  West  coast  of 
England,  and  Dhu-Heartach,  off  the  North-west  coast  of  Scot- 
land. 

The  Great  and  Little  Basses  reefs,  which  are  the  immediate 
subject  of  our  lecture,  are  situated  off  the  South-east  coast  of 
Ceylon  ;  they  are  respectively  about  80  and  100  miles  eastward 
of  Point  de  Galle  and  about  7  miles  from  land.  The  Great 
Basses  Rock  is  about  220  feet  long,  75  feet  wide,  and  about  6 
feet  above  mean  sea  level.  The  rise  of  tide  averages  a  to  3 
feet  The  Little  Basses  reef  is  only  awash  at  low  water.  Both 
reefs  are  composed  of  a  hard  red  sandstone,  and  the  surface  is 
very  nigged.  These  reefs  are  exposed  to  both  the  North-east 
and  South-west  monsoons,  consequently  the  days  available  for 
working  on  them  during  a  year  are  but  few.  If  ihey  had  been 
situated  about  50  miles  nearer  to  or  farther  from  Galle  the  num- 
ber of  days  on  which  a  landing  could  have  been  effected  would 
probably  have  been  doubled.  The  only  suitable  season  for  work- 
ng  is  during  the  Norlh-east  monsoon,  which  commences  in 
November  and  terminates  in  April  ;  and  the  best  months  ot  the 
monsoon  are  the  first  and  two  last.  During  part  of  December, 
the  whole  of  January,  and  part  of  Febniary,  the  wind  blows 
strongly  from  North-east,  especially  about  2  p.m.,  when  a  short 
quick  sea,  on  reaching  the  shallow  water  near  the  reef,  breaks 
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Iieavily  on  it,  'rendering  it  dangerous  to  approach  in  a  boat. 
During  November,  March,  and  April  the  wind  is  variable;  light 
breezes  prevail  frequently  off  the  shore  in  the  morning,  and  on 
'flie  shore  in  the  evening,  with  a  calm  at  mid-day.  The  current 
westward  during  the  North-east  monsoon  and  eastward  dur- 
the  South-west  monsoon  ;  the  rate  is  very  irregular,  some- 
times varying  from  half  a  knot  to  four  knots  per  hour  during  the 
lame  day. 

The  usual  direction  of  the  current  is  parallel  with  the  coasL 
Towards  the  close  of  the  monsoon  the  current  is  weak,  and 
occasionally  flows  feebly  in  opposite  directions  during  the  same 
It  attains  its  highest  velocity  to  the  west*vard  in  December, 
Ijacuary,  and  the  early  part  of  February,  The  coast  for  many 
miles  on  both  sides  of  the  Basses  is  almost  continually  exposed 
heavy  surf  from  South  or  South-west.  It  is  very  thinly 
populated  and  is  without  secure,  shelter  for  shipping.  It  was 
therefore  necessary  to  establish  at  GaLe  the  depiH  from  which 
the  operations  at  the  Basses  were  carried  out. 

The  rapid  increase  in  the  shipping  trade  passing  this  portion 

■of  the  coast  of  Ceylon  and  the  number  of  wrecks  occurring,  has 

'fcr  many  years  rendered  necessary   the  lighting  of  these  dangers 

I  navigation.     In  1855  the  late  Mr.  Alexander  Gordon,  C.E,,  was 

istructed  by  the  Board  of  Trade  to  prepare  plans  and  estimates 

ir  a  lighthouse  for  the  Great  Basses.     The  design  shown  on  the 

liagram  was  approved.     It   consisted  of  a  cylindrical  tower  of 

ist  iron,  supported  within  an  enlarged  base    of  granite.     The 

luminating  apparatOs  consisted  of  18  paraboloidal  reflectors,  ii 

iches  in  diameter,  arranged  in  six  groups  of  three  each,  thus  giving 

X  beams  of  light  lo  the  circle  for  a  revolving  light,  the  intensity 

of  each  beam  being  about  3375  standard  candles.     The  estimate 

for  the  work  was  ;^33,946. 

Early  in  1856  operations  were  commenced  in  Ceybn.  In  the 
meantime  the  lighthouse  and  its  illuminating  apparatus  were  pre- 
pared in  England  and  despatched_to  Galle.  Kivez  three  years,  only 
ft  few  landings  on  the  rock  had  lieen  effected,  and  nothing  had 
ibecn  accomplished  beyond  the  erection  of  a  beacon  mast  and  the 
[narking  out    of   the    site   of  the  proposed    lighthouse.     It    was 
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fouod,  in  &ct,  that  the  diftculties  to  be  enconntered  had  not  been 
liilly  appreciated  before  the  work  was  commenced,  and  ccHise- 
quendy  ihe  arrangements  fof  meeting  them  proved  insufficient. 
About  £^3,0,000  had  been  expended,  and  it  was  esnmated  that 
j^2o,ooo  per  a&num  for  five  years  would  be  required  to  complete 
the  lighthouse. 

The   authorities,  unwiUing  to    inctir  so    large  ai 
upon  what  seemed  from    past  experience  a  doubtful  chance  of 
success,  suffered  the  work  lo  lie  in  abeyance. 

In  the  year  1863  a  light  vessel  was  moored  off  the  Little 
from  which  a  white  revolving  light  has  since  been  exhibited. 
Various  schemes  where  subsequently  submitted  to  the  Board  of 
Trade  for  the  erection  of  a  lighthouse  00  the  Great  Basses,  and 
in  1867  the  whole  question  as  to  praaicabiliiy,  probable  cost,  and 
reasonable  chance  of  success,  together  with  the  various  proposals 
for  its  construction,  was  referred  to  the  Elder  Brethren  of  the 
Trinity  House,  which  resulted  in  the  adoption  of  the  design  by 
their  engineer,  shown  by  the  diagram  and  model.  This  design, 
was  for  a  granite  structure,  in  which  the  granite  base  of  the  Gordon 
lighthouse  (the  only  portion  of  the  original  work  which  could  be 
made  available)  was  proposed  to  be  utilized.  The  scheme  further 
included  a  lantern  and  dioptric  revolving  light  of  the  first  order, 
also  a  light  vessel  to  be  moored  off  the  rock,  (or  exhibiting  a  red 
revolving  light  regularly  every  night  from  the  commencement  to 
the  completion  of  the  work,  and  to  serve  as  a  barrack  for  the 
•xecutive  engineer  and  working  staff,  Tlie  total  estimated  cost 
of  the  work  was;£'64.66i.  Mr.  William  Douglass,  C.E.,  who  had 
erected  the  Hanois  and  Wolf  Rock  Lighthouses  in  this  countTy, 
was  selected  by  the  Trinity  House  as  executive  engineer  for  the 
work.  The  lighihousc  consists  of  a  cylindrical  base  of  granite, 
j2  feet  in  diameter,  and  30  feet  high  ;  on  this  is  a  tower  23  feet 
in  dianitier  at  the  base  and  67  feet  5  inches  high.  The  thidtness 
of  the  wall  at  the  base  is  5  feet,  and  at  the  top  2  feet.  The  accom- 
modation for  the  liglitkeepers  consists  of  six  rooms,  13  feet  in 
diameter,  and  one  at  the  base  for  water  and  coals,  12  feet  in  dia- 
meter. The  lighthouse  cuntains  about  2,768  tons  of  granite.  The 
atones  forming  the  walls  and  floors  of  the  tower  are  dovetailed 
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together,  both  horizontally  and  vertically,  on  an  improved  system 
devised  by  Mr.  Nicholas  Douglass,  and  first  adopted  at  the 
■Hanois  Rock  Lighthouse,  Guernsey,  in  1859.'  On  the  upper 
bed  and  on  one  end-joint  of  each  stone  is  a  raised  dovetailed 
band,  and  on  the  under  bed  and  at  the  other  end-joint  is  a 
corresponding  dovetailed  indentation.  The  indentation  is 
made  just  large  enough  for  the  projection  to  enter  it  freely  with  a 
coating  of  Portland  cement.  When  the  latter  has  hardened  the 
blocks  cannot  be  separated  without  breaking  the  solid  stone.  The 
whole  tDwer  is  thus  rendered  literally  one  solid  mass  of  granite.  , 
The  step-ladders  for  ascending  from  floor  to  floor  are  of  cast-iron. 
The  entrance-door  and  storm -shutters  to  the  windows  are  of  gun- 
meUl.  The  use  of  *ood  has  been  avoided  in  the  internal  littings 
far  as  practicable,  so  that  the  building  is  completely  fire- 
proof. The  lantern  is  cylindrical,  14  feet  in  diameter,  of 
tiie  Trinity  House  pattern.  The  one  for  the  Little  Basses 
Lighthouse  is  to  be  seen  in  the  Loan  Exhibition,  and  is  lighted 
this  evening.  The  cylindrical  lantern  has  the  following  important 
■d vantages  over  previous  fomis  of  lanterns  with  facets  of  flat  glass  ; 
It  is  more  perfect  optically,  the  light  from  the  central 
apparatus  always  falling  nearly  normally  upon  the  surface  of  the 
{lazing,  and  thus  avoiding  surface  reflections,  which  not  only 
involve  loss  of  light  but  are  often  mischievous,  and.  Less 
Rsistance  is  offered  to  stomis.  3rd.  The  curved  glass  has  been 
^und  by  experiment  to  be  58  per  cent,  stronger  for  resisting 
external  pressure  than  flat  glass  ;  and  4th.  The  vertically  curved 
fiaming  has  a  maximum  rigidity  for  the  support  of  the  glass,  and 
offers  a  minimum  obstruction  to  the  light  emitted  by  the  iJIuminat- 
tng  apparatus.  To  that  eminent  man  of  science,  Faraday,  who 
for  many  years  the  scientific  adviser  of  the  Trinity  House,  is 
due  the  perfection  of  the  ventilation  of  these  lanterns.  The 
requirements  are,  a  perfectly  uniform  and  plentiful  supply  of 
lit  to  the  targe  central  hmp,  and  the  prevention  of  condensed 
vapour  u|)on  the  internal  surface  of  the  glazing.  To  meet  these 
requirements,  the  external    air  is  admitted  at  the   ventilating 

•  Diignnu  uf  thij  and  oiher  appliances  rcfetied  la  \rf  ihc   Lcctuiei  wefB  hung 
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windows  of  the  service  roDm  under  the  lantern  ;  thence  it  ascends 
into  the  latter  through  an  iron  grating,  which  surrounds  the  lantern 
floor,  and  upwards  over  the  surface  of  the  glazing  through  an 
aperture  surrounding  the  ceiling  to  a  space  between  the  latter 
and  the  roof,  and  thence  through  the  shaft,  from  whence  it  is 
discharged  by  the  revolving  cowl,  the  ascending  current  being 
invigorated  by  the  heat  of  the  funnel  of  the  large  central  lamp. 
Hit-or-miss  ventilating  valves  are  placed  round  the  pedestal  for 
admitting  an  additional  siipply  of  air  in  very  calm  weather.  The 
tai^e  lamp  is  provided  with  a  chimney,  which  delivers  the  products 
of  combustion  into  the  shaft  of  the  cowl ;  this  chimney  is 
proiided  with  a  regulating  damper  and  one  of  Faraday's  cones  for 
dispersing  any  down  draughts  that  may  possibly  occur,  and  which  i 
would  otherwise  impair  the  steady  burning  of  the  lamp.  The 
dioptric  apparatus  is  oct^onal,  having  S  panels  of  refractore, 
with  panels  of  totally  reflecting  prisms  above  and  below  them. 
Flashes  of  red  light  are  emitted  from  the  apparatus  at  in- 
tervals of  45  seconds,  the  duration  of  each  flash  being  about 
7  seconds  and  that  of  each  eclipse  about  38  seconds.  The  light 
is  coloured  by  a  chimney  of  ruby  glass  on  the  large  central  lamp. 
The  intensity  of  the  flashes  from  this  apparatus  with  the  improved  - 
lamp  of  the  first  order  of  the  Trinity  House  having  6  widts,  if 
white  light,  is  about  125,977  candles,  or  about  37  times  the 
intensity  of  the  originally  proposed  catoptric  light,  but  in  colour- 
ing about  70  per  cent,  of  the  power  is  lost;  the  intensity  of  the 
red  flashes  is  thus  about  37,793  candles. 

Adverting  to  these  improved  lamps,  one  of  which  we  have 
before  us,  although  at  the  Great  Basses  it  is  consuming  the  local 
cocoanut  oil,  which  is  found  to  be  nearly  equal  in  illuminating 
power  to  the  best  colza  or  mineral  oil,  the  lamp  is  capable,  with  a 
very  simple  adjustment,  of  burning  efficiently  all  the  oils  used  as 
lighthouse  illuminants,  whether  animal,  vegetable,  or  mineral. 
Improvements  lately  made  to  this  lamp  have  increased  the 
illuminating  power  zz  per  cent. ;  at  the  same  time  the  consump- 
tion of  oil  has  been  reduced  17  per  cent  Within  the  last  five 
years  the  power  of  the  first  order  Trinity  House  lamp  has  been 
raised  from  280  to  722  standard  candles.     Bya  simple  device,  the 
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lamp  is  made  lo  bum  at  half  or  fuU  power,  without  any  alteration 
in  the  form  or  dimensions  of  the  flame,  but  with  a  corresponding 
consumption  of  oil  and  intensity  of  light.  The  half  power  is 
adopted  when  the  atmosphere  is  perfectly  clear,  and  ihe  full  power 
nrhenever  the  transparency  of  the  atmosphere  is  impaired  by  mist, 
rain,  snow,  or  fog.  It  is  found  thai,  with  this  system,  and  given  a 
certain  i^uanlity  of  oil  to  be  consumed  annually,  about  64  per  cent, 
more  light  is  available  for  the  mariner  when  the  transparency  of 
the  atmosphere  is  impaired  than  if  the  lamp  were  burned 
regularly  at  a  uniform  power. 

A  fog  bell  weighing  7  cwt,,  for  a  signal  during  foggy  weather,  is 
fixed  on  the  outside  of  the  tower,  and  sounded  by  machinery  fixed 
in  the  lantern. 

At  the  erection  of  the  Eddystone  lighthouse  small  sailing 
vessels  were  used  by  Smeaton  to  convey  the  materials  from  the 
Workyard  to  the  rock,  a  distance  of  14  miles,  and  to  land  it 
thereat,  and  in  the  case  of  more  recent  structures  the  material  has 
been  conveyed  in  barges  towed  by  a  steam-tug.  It  is  evident, 
however,  that  with  works  like  the  Bassc-s,  at  distances  of  80  and 
100  miles  from  the  workyard,  such  methods  of  transport  would  be 
neither  certain  nor  safe.  Two  iron  twin  screw  steamers  weie 
designed  and  constructed  for  the  purpose,  each  capable  of 
carrying  110  tons  of  cargo.  For  the  purpose  of  landing  and 
hoisting  the  material  of  the  lighthouse  rapidly  at  the  rock 
with  a  minimum  number  of  workmen,  the  steamers  were  each 
fitted  with  two  steam  winches,  by  which  the  blocks  of  stone  were 
hoisted  on  board,  stowed  below,  hoisted  again  to  the  deck  and 
from  thence  to  the  rock. 

On  the  Z7th  February,  1B70,  the  first  of  the  steams  vessels,  the 
"Arrow."  arrived  at  Galle  via  the  Suez  Canal,  and  on  the  7th  of 
March  following,  the  first  landing  was  effected  on  the  Great  Basses. 
On  the  17th  of  the  same  montii  the  light  vessel  arrived  at  Galle 
from  London,  vi4  the  Cape,  and  on  the  30th  she  was  moored 
off  the  Great  Basses,  and  at  sunset  the  light  was  exhibited.  The 
iVorkmen  were  now  quartered  on  board  the  light  vessel,  and  the 
"  Arrow  "  was  available  for  obtaining  supplies  from  Galle  without 
delaying  the  work.      The  working  season  ended  on  the  3rd  of 
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For  landing  the  stones  at  the  rock  a  strong  m 
long  was  shipped  into  the  rock  and  further  supported  bj 
guys  :  from  the  mast  was  suspended  a  strong  derrick  which  was 
traversed  towards  the  tower  by  a  winch  and  chain  guy.  The 
steamer  was  moored  with  one  anchor  ahead  and  a  waip  to 
the  mooring  for  veering  into  position.  Two  large  coir  hawsers 
were  abreast  to  the  mooring  buoys  and  two  to  the  rock.  Tbe 
holds  of  tbe  steamers  were  fitted  with  two  tiers  of  rollers,  on 
which  the  stones  were  placed ;  they  were  brought  speedily  under 
the  hatchway,  where  an  iron  cage  working  in  sUdes  was  fitted  for 
conveying  them  to  the  level  of  the  deck.  One  barrel  of  the  for- 
ward steam  winch  lifted  the  stone  to  the  deck  and  depiosited  it  on 
rollers  in  readiness  to  go  out  of  the  gangway.  The  shore  purchase 
consisted  of  three  parts  of  half-inch  chain,  one  eod  of  which  was 
attached  to  a  barrel  of  the  aft  winch ;  from  thence  it  passed 
through  a  leading  block  at  the  gangway,  thence  through  another 
leading  block  ai  the  foot  of  the  shore  derrick,  thence  through 
another  block  at  the  head  of  the  derrick,  ihence  through  a  block 
attached  to  the  stone  to  be  landed,  and  thence  to  the  head  of  the 
derrick,  where  the  end  was  made  fast.  A  strong  chain  was  also 
attached  to  the  stone  and  No.  %  barrel  of  the  forward  winch,  on 
which  was  a  powerful  brake.  To  land  a  stone,  the  aft  steam- 
winch  was  put  in  motion,  and  as  the  stone  went  over  the  side 
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the  guy  chain  was  eased  away  until  the  stone  entered  the  water ; 
it  was  then  gradually  checked  and  "  paid  "  away  at  about  the  same 
Speed  as  the  aft  winch  worked  the  stone  ashore.  When  the  stone 
reached  the  rock  and  was  high  enough,  the  derrick  was  swung  to- 
wards the  tower  by  means  of  tlfe  small  winch  on  shore,  and  the 
-stone  lowered. 

This  is  the  first  known  instance  of  a  vessel  landing  heavy 
material  in  a  seaway  by  her  own  steam  power,  excepting  where 
the  load  could  be  deposited  by  her  own  derrick.  Although 
necessary,  owing  to  the  shallow  water,  to  moor  the  steamers  at  a 
distance  of  30  fathoms  from  the  rock,  stones  weighing  on  an 
average  i\  ions  were  hoisted  out  of  the  hold,  landed,  and  deposited 
a8  feet  above  the  surface  of  the  rock  at  the  rate  of  10  per  hour. 
As  soon  as  the  cylindrical  base  of  the  building  was  completed, 
a  steam  winch  was  fixed  upon  the  rock  for  hoisting  the  stones  to 
thi^  lop  of  the  work. 

On  the  i6th  November  the  first  landing  of  the  third  season  was 
effected ;  the  last  was  effected  on  the  ind  of  the  following  May. 
Buring  the  season  74  landings  were  effected  and  679  hours 
worked,  The  number  of  working  days  of  10  hours  from  ihe  first 
landing  on  the  rock  to  the  end  of  this  season  was  153  days,  3 
hours,  and  from  laying  the  first  stone  of  the  tower  to  setting  the 
last  stone  only  no  days.  The  light  was  exhibited  on  the  10th 
March,  1873,  and  has  been  continued  with  regularity  every  night 
from  sunset  to  sunrise.  There  are  two  European  and  four  native 
lightkeepers  attached  to  the  lighthouse,  who  are  relieved  monthly, 
or  as  nearly  so  as  practicable.  One  European  and  three  native 
keepers  are  always  at  the  lighthouse,  while  one  European  and  one 
native  are  on  leave  at  Gallc. 

This  important  work  has  been  executed  in  a  tropical  climate, 
at  a  distance  of  nearly  7000  miles  from  this  country,  by  a  small 
band  of  trained  Europeans  aided  by  natives,  and  under  exceptional 
difficulties,  without  loss  of  life  or  hmb  to  any  person  employed. 

The  total  cost  of  the  work,  including  all  incidental  expenses,  was 
about  ,£62,000,  being  wiihin  the  estimate  for  the  work. 

It  might  fairly  be  assumed  that  such  a  work  as  that  now  on  the 
Great    Basses,  fitted  with  all  the  modem  improvements  in  en- 
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gineeriog  and  optical  science,  would  have  proved  exceptionally 
costly  compared  with  similar  works  in  this  country,  but  such  is 
not  the  case.  When  it  is  stated  that,  per  cubic  fool,  the  work 
has  been  executed  at  less  than  half  the  cost  of  the  Eddystone, 
I  think  that  no  better  proof  coulcf  be  offered  of  the  advantages 
now  derived  by  a  judicious  application  of  scientific  improvements 
to  constructive  works. 

The  success  which  attended  the  execution  of  this  work  encour- 
aged the  Board  of  Trade  to  order  the  erection  of  a  similar  light- 
house on  the  Little  Basses.  This  work  is  of  even  greater  difficulty 
than  that  at  the  Great  Basses,  the  reef  being  30  miles  farther  from 
Galle  and  awash  at  low  water. 

Mr.  William  Douglass,  who  erected  the  Great  Basses  lighthouse. 
has  been  entrusted  by  the  Trinity  House  with  the  work,  which 
was  commenced  in  November,  1873. 

On  the  28th  February  last  the  first  stone  of  the  lighthouse  was 
laid  ;  the  solid  portion  of  the  tower  is  now  completed,  and  it  is 
expected  that  the  light  will  be  exhibited  in  another  year.  The 
tower,  of  which  a  diagram  and  model  are  before  you,  is  of  Dal- 
beatee  granite  ;  it  has,  like  that  for  the  Great  Basses,  been  prepared 
and  fitted  together  in  this  country  and  delivered  at  Galle.  The 
tower  is  33'  3"  diameter  at  the  base  and  16'  6"  diameter  at  the 
top  under  the  gallery.  The  shaft  is  a  concave  elliptic  frustnim, 
the  generating  curve  of  which  has  a  major  axis  of  r48i  feel  and  a 
minor  axis  of  28  feet.  It  contains  about  1720  tons  of  granite.  The 
internal  arrangements  and  fittings  are  very  similar  to  those  in  the 
Great  Basses. 

With  two  rock  lighthouses  so  near  each  other,  it  was  not  only 
necessary  that  there  should  be  a  clear  and  unmistakable  distinc- 
tion between  the  two  lights,  but  also  that  the  two  lighthouses 
should  be  quite  distinctive  by  day.  To  effect  this,  the  lantern 
of  the  Little  Basses  was  provided  ivith  a  domed  roof,  the  roof  of 
the  Little  Basses  being  conical ;  and  further,  the  Little  Basses  has 
a  second  gallery  10  feet  below  the  lantern  gallery. 

A  light  of  a  novel  and  very  distinctive  character  has  been 
adopted  for  this  lighthouse.  It  belongs  to  a  class  of  lights  called 
"  Group  Flashing,"  which  have  for  some  time  received  the  atten- 
tion of  the  Trinity  House. 
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llie  system  consists  in  giving  two  or  more  flashes,  in  quick  suc- 
cession, at  intervals  of  say  i,  i  or  i  minute  instead  of  a  single 
flash  at  the  same  intervals. 

The  tirst-light  established  on  this  system  was  a  floating  catoptric 
light  at  the  "  Royal  Sovereign "  shoal  near  Beachy  Head ;  this 
light  gives  3  flashes  in  quick  succession  at  intervals  of  one  minute. 
It  has  been  found  to  be  very  distinctive  and  efficient. 

The  first  order  dioptric  light  for  the  Lillie  Basses  has  beeo 
designed  by  Ur.  Hopkinson  and  manufactured  by  Messrs,  Chance 
Bros,  and  Co,  It  is  intended  to  give  2  flashes  in  quick  succes- 
sion at  intervals  of  one  minute  :  this  is  accomplished  by  cutting 
away  a  portion  from  the  opposite  side  of  each  pair  of  lenses  so  as 
to  bring  iheir  axes  closer  together,  and  to  the  required  angle  in 
azimuth  for  the  short  ellipse  between  the  flashes,  as  will  be  readily 
understood  from  the  diagram. 

The  maximum  intensity  of  this  light,  with  a  six-wick  improved 
lamp  in  focus,  is  about  88,900  candles,  being  about  1334  tim» 
the  intensity  of  the  beam  originally  emitted  from  the  Eddystone. 
We  have  here,  lent  by  the  Trinity  House,  one  of  the  first  lenses 
used  by  them  in  an  English  lighthouse ;  this  was  at  the  Portland 
Lower  Light  in  1 786,  being  33  years  before  the  invention  by  that 
eminent  Freiuliman  Augustin  Frcsnel  of  his  I-,entiailar  Light- 
house System.  In  1836,  at  the  Start  Point  Lighthouse,  on  the 
Coast  of  South  Devon,  the  Trinity  House  installed  the  first  diop- 
tric apparatus  on  Fresnel's  System  in  an  English  lighthouse. 
One  of  these  lenses  we  have  also  before  us  ;  there  were  S  lenses  to 
the  circle,  with  fixed  silvered  mirrors  above  them.  The  intensity 
of  the  flashes  of  this  tight  with  its  concentric  four-wick  lamp  was 
about  49,393  candles.  This  apparatus  was  manufactured  by 
Messrs.  Cookson  and  Co.,  of  Newcastle-on-Tyne.  It  is  ex- 
ceedingly interesting  and  instructive  to  compare  the  imperfect 
material  and  workmanship  of  these  instruments  with  the  excellent 
nppiaratus  now  manufacture!.!.  The  illuminating  apparatus  at  the 
Start  Lighthouse,  and  that  of  the  South  Stack  Lighthouse  near 
Holyhead,  have  lately  been  replaced  by  dioptric  apparatus 
having  six  lenses  to  the  circle.  These  apparatus  have  been 
manufactured  by  Messrs  Chance  Bros,  and  Co.     The  intensity  of 
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their  flashes  with  their  six-wick  lamp  in  focus  is  about  169,360 
candles,  or  about  twice  the  power  of  the  light  of  the  Little  Basses. 
These  two  lights  are  at  present  the  most  powerful  oil  lights  in  the 

Before  concluding,  it  may  be  well  to  make  a  few  remarks  on 
the  two  other  sources  of  lighthouse  illumination  adopted — viz., 
coal  gas  and  the  electric  light.  The  latter  we  owe  to  the  dis- 
covery of  Faraday  and  the  ingenuity  and  inventive  genius  of 
Holmes.  Neither  of  these  illuminants  is  applicable  to  the  class 
of  lightliouses  which  are  the  subject  of  our  lecture,  owing  to  the 
want  of  space  for  the  requisite  apparatus  and  fuel.  Both  systems 
are,  however,  on  their  trial  in  this  country,  and  at  present  their 
extra  cost  appears  to  be  the  only  barrier  to  their  more  genera] 
adoption  for  shore  stations. 

At  the  Haisboro'  Lighthouses  on  the  coast  of  Norfolk,  coal  gas 
on  the  system  of  Mr.  Wigham,  of  DubHn,  has  been  under  trial 
about  four  years,  with  satisfactory  results.  Several  of  these  lights 
have  been  established  on  the  coast  of  Ireland  by  the  Commis- 
sioners of  Irish  Lights. 

The  electric  light  has  been  under  trial  in  this  country  nearly 
tS  years.  It  was  first  tried  at  the  South  Foreland  High  Light- 
house in  1858.  There  are  now  two  electric  fi.ted  liglils  at  the 
South  Foreland,  and  an  electric  revolving  light  has  been  ex- 
hibited at  the  Souter  Point  Lighthouse  on  the  coast  of  Durham 
for  the  last  5^  years.  The  flash  of  this  light  has  an  intensity  of 
about  392,000  candles,  or  about  2i  times  the  intensity  of  the  oil 
lights  at  the  Start  and  South  Stack.  With  the  improved  electric 
machines  of  Gramme  or  Siemens,  which  are  to  be  seen  in  the 
Loan  Exhibition,  this  enormous  intensity  of  light  would  probably 
be  increased  5  to  6  times  ;  indeed  there  appears  to  be  no  prac- 
tical limit  to  the  power  available  for  the  service  of  the  mariner 
from  this  man'ellous  source  of  illumination.  Unfortunately,  such 
fogs  occasionally  occur  as  to  eclipse  even  the  sun  ;  consequently, 
the  most  powerful  artificial  light  must  be  unable  to  cope  with 
them.  Recent  investigations  of  the  Trinity  House,  aided  by 
their  scientific  aJviser  Dr.  Tyndall,  whose  researches  on  fog  are 
so  well  known,  are  leading  to  the  development  of  powerful  sound 
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signals  as  aids  to  the  mariDer  at  such  times  as  light  is  no  loDgei 
serviceable.  Some  of  these  instiumenls  have  been  lent  by  the 
Trinity  House,  and  are  to  be  seen  in  the  lighthouse  section  of 
the  Loan  ExhibitioD. 

The  Chairman  :— Perhaps  there  are  some  of  you  who  might 
wish  to  put  a  question  or  two  10  Mr.  Douglass,  who  I  am  sure  will 
be  glad  to  add  anything  in  elucidation  of  what  he  has  been 
explaining  to  us.  But  if  that  is  not  the  case  I  will  ask  you  to  join 
with  me  in  thanking  him  for  the  very  able  and  capital  lecture 
which  he  has  given  us  this  evening.  1  am  sure  you  have  all 
listened  to  it  with  a  great  deal  of  pleasure,  and  with  great  atten- 
tion ;  and  1  am  not  surprised  that  you  have  done  so,  because,  as  1 
told  you  at  the  beginning,  1  believe  there  are  few  people  in  the 
world  so  capable  of  explaining  to  you  what  a  lighthouse  is  as  Mr. 
Douglass.  He  has  been  employed  throughout  the  whole  of  his 
lifetime  in  these  structures,  and  when  you  consider  the  privations 
and  labour  he  must  have  undergone  1  am  sure  that  you  will  join 
with  me  in  giving  him  that  applause  which  he  ought  to  receive. 
These  labours  have  led  to  his  receiving  the  appointment  of 
engineer  to  the  corporation  of  Trinity  House,  and  in  the  course 
of  those  duties  which  he  has  performed  so  efficiently  he  has 
improved  our  lights  and  lighthouse  establishments  to  thai  extent 
that  they  are  now,  which  he  has  described  to  you,  although  he  has 
not  mentioned  that  he  had  a  great  deal  to  do  with  it.  Still  it  is 
the  case  that  it  is  owing  to  him  in  a  great  measure  that  our  light- 
houses are  so  ethcieot  and  so  good.  I  therefore  ask  you  to  return 
Mr.  Douglass  your  hearty  thanks  for  the  lecture  he  has  given  us. 


WHAT   IS  A  CRYSTAL? 
Br  N.  Stoky  UuKELns.  M_\„  F.R5^  etc. 


y^y  «5/*.  1876. 


Hjuxbod  or  HuxKOo  in  the  CaAtR. 

The   CHAOUtAH :   Ladies  and  Gentknicn,— Od  bdnff  ^ 
I.«rds  of  Comnnttee  of  Consdi  od  Education,  I  have  the  I 
to  introduce  to  yon  Professor  Maskelyne,  who  has  been  so  g 
ai  to  undCTtake  to  deliver  a  lecture  here  this  cTmiog  od  tbe 
sabject  of  What  b  a  Crystal  ? 

pKomsoR  Maskelvve  :  I  betioe  I  have  mulenaken  nuber  a 
tub  task  in  hoping  to  answer  this  question  in  the  short  sp«ce  of 
an  honr.  In  fact  it  would  be  quite  impossible  for  me  to  do  so 
in  a  complete  manner;  but  I  shall  endeavour  to  inform  tbese 
mule  models  and  specimens,  which  1  have  selected  from  dus 
Exhibition,  with  so  much  of  life  and  power  of  language,  as  may 
enable  them  to  answer  this  question— answer  it,  that  is  to  say,  no* 
indeed  completely,  but  sufficiently  to  give  a  sound  idea  to  any- 
Ijody  who,  without  wishing  to  go  into  the  more  intricate  esoteric 
tjuestions  of  the  science,  would  yet  like  to  know  generally  what 
is  the  view  taken  by  crystallographers  of  that  wonderful  littte 
object  which  it  is  their  business  to  endeavour  to  elucidate,  vi2.,  a 
crystal.  Of  course,  if  1  do  not  succeed  in  drawing  an  answer 
from  these  little  models,  it  will  be  my  fault,  not  theirs  ;  but  first 
of  all  I  will  try  to  extract  one  from  my  hearers.  I  would  ask 
each  of  you  what  meaning,  in  your  own  thoughts,  do  you  attach 
to  the  term  "  crystal "  ?  Probably  you  have  gone  into  druggists' 
shops  and  have  seen  a  large  number  of  bottles  full  of  crystalline 
substances.     You  have,  perhaps,  looked  at  the  beautiful  little 
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crysials  that  now  and  then  you  find  in  the  sugar-basin  for  use  in 
your  coffee,  and  have  admired,  no  doubl,  the  wonderful  geometry 
of  those  little  crystals ;  or,  again,  you  have  looked  at  the  salt  that 
sometinies  comes  to  our  tables  in  exquisite  little  cubes,  and  you 
have  asked  yourselves,  it  may  be,  or  perhaps  you  have  not,  what 
is  the  marvellous  power  which  has  thus  caused  these  substances 
so  to  fashion  themselves  in  this  systematic  way.  Now,  if  I  do  not 
hope  to  get  in  this  way  an  answer  to  our  question,  I  shall  ask  you 
still  to  consider  what  is  the  impression  left  on  your  minds  on 
looking  on  the  crystals  I  have  mentioned,  or,  if  you  please,  on 
these  crystals  that  come  up  in  the  fonn  of  hard  little  minerals 
from  the  depths  of  the  mine,  or  these  again,  which  constitute 
the  ingredients  of  the  very  rock  through  which  the  shaft  is  driven 
by  which  they  come.  Now  your  answer  to  the  question  would 
most  likely  be  a  vague  one  ;  you  would  probably  say  you  are 
aware  that  each  of  these  particular  substances  presents  itself 
under  a  peculiar  form ;  you  will,  for  instance,  have  observed  that 
certain  of  these  substances  present  themselves  generally  under 
forms  that  are  more  or  less  needle-shaped ;  that  they  are  little, 
long,  bright,  flat,  needle-formed  crystals.  That  is  one  experience. 
Others  again,  you  will  remember,  are  not  of  that  kind,  but  are 
more  or  less  tabular  and  flat,  or,  it  may  be,  like  a  cube,  not 
particularly  elongated  in  any  one  direction.  In  other  words,  you 
see  that  there  is  an  infinite  variety  amongst  these  crystals,  and 
Ihal  each  particular  substance  has  its  own  habit  of  growth,  if 
I  may  say  so,  into  a  crystal.  But  while  you  will  have  observed 
that  there  is  this  large  variety  in  the  character  of  the  rxystal. 
there  is  one  thing  you  caiinot  have  observed,  because  it  is 
only  the  result  of  long  and  laborious  induction,  and  thai  is  this, 
that  every  one  of  these  crystals,  varied  as  they  may  be,  is  formed 
in  accordance  with  a  strict  geometrical  law,  I  am  not  going 
to-ntghi  to  begin  with  that  law,  or  to  make  it  the  chief  subject  of 
this  lecture,  for  it  would  take  up  the  greater  pan  of  my  lecture  to 
completely  explain  it  j  but  I  hope  to  lUustrate  that  law  by  giving 
you  some  of  its  results,  and  also  to  show  you  how  the  geometry 
of  the  crystal  really  hangs  on  that  single  law  as  this  cluster  of 
crystals  hangs  upon  that  thread. 
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I  shall  make  certain  statemenls  which  you  must  accept  from 
me.  One  is  that  all  these  crystals,  whatever  they  may  be,  present 
one  cardinal  feature,  and  that  cardinal  feature  is  symmetry.  Now 
what  is  symmetry?  And  in  what  sense  do  we  use  that  word 
wheu  speaking  of  crystals  ? 
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Symmetry,  you  may  say,  is  the  very  soul  of  the  forms  of  nature: 
it  is  the  very  essence  of  the  beauty  of  most  works  of  ait.  Take, 
for  instance,  architecture  as  an  art ;  take  plants,  if  you  please, 
from  the  domain  of  nature,  or  animals,  and  ask  yourselves  are 
they  not  all  replete  with  symmetry.  1  have  put  on  the  wall  two 
diagrams  with  flowers  upon  them,  because  they  will  illustrate  one 
or  two  j>oints  I  have  to  speak  of  There  you  will  sec  you  have 
symmetry,  for  I  have  drawn  lines  through  one  of  these  flowere, 
which  lines  may,  perhaps,  strike  you  as  even  belonging  to  the  flower, 
but  such  are  really  lines  with  respect  to  which  those  flowers  are 
symmetrical.  The  proof  that  we  have  symmetry  in  this  case  is 
that  each  element  of  form  in  the  flower  is  repeated  on  either  side 
of  one  or  more  such  lines ;  the  two  halves  of  a  petal  for  instance. 
Thus  we  mean  by  symmetry  in  nature  or  in  art  that  a  certain 
element  of  form  is  regularly  repeated.  And  the  human  mind  is 
so  constituted  that  one  of  the  ways  in  which  natural  objects 
appeal  to  and  awaken  pleasure  in  it  is  by  the  symmetry  inherent 
in  them  :  symmetry  which  is  the  repetition  of  morphological  or 
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form-elemeots  according  to  a  law;  the  law  depending  on  the 
nature  of  the  case.  You  will  find,  for  instance,  that  there  are 
laws  of  symmetry  in  botany  which  are  impossible  as  laws  of 
symmetry  in  crystals,  and  so  on.  In  botany  you  are  not  able  to 
State  why,  for  instance,  a  flower  presents  you  with  pentagonal 
symmetry,  that  is,  with  $  petals,  and  five  of  each  of  its  other 
elements  of  form ;  or  with  trigonal  or  hexagonal  symmetry,  that 
is,  with  3  or  6  petals.  You  cannot  tell  the  reason  why  that 
takes  place  in  botany,  because  we  do  not  know  the  fundamental 
geometrical  influence  which  is  at  the  root  of  the  development  of 
the  parts  of  a  plant.  There  is  no  doubt  some  subtle  geometry  at 
work  that  we  have  not  yet  fathomed ;  but  in  the  crystal  we  have 
so  far  done  this  that  we  know  the  fundamental  law  which  regu- 
lates each  face,  edge,  and  angle  of  the  crystal.  We  know  that 
fiindamental  law,  and  we  can  now  assert,  as  a  deduction  from 
that  law,  that  only  certain  kinds  of  symmetry,  which  we  had 
previously  recognised  by  observation,  are  possible  in  crystals. 

I  should  like  just  to  consider  with  you  a  few  kinds  of  symmetry, 
that  we  may  understand  better  what  we  mean  by  the  term  a£ 
applied  to  a  geometrical  structure.  Wc  will  go  to  the  art  I  spoke 
of — the  very  essence  of  which  is  symmetry — architecture.  For 
instance,  in  the  case  of  a  lower,  the  architect  invariably,  if  he 
makes  a  square  tower,  will  add  ornaments  so  that  they  may  be 
repeated  symmetrically  with  the  tower  itself— his  pinnacles,  his 
turrets,  his  windows,  everything  is  more  or  less  in  accordance 
with  the  symmetry  of  his  lower.  He  may  perhaps  sport  as  it 
were  a  little  with  that  symmetry.  He  may  throw  out  here  and 
there  some  accidental  little  feature  that  does  not  look  as  if  it 
belonged  to  the  symmetry,  but  the  very  spirit  of  his  art  will 
consist  in  partially  concealing  the  fact  that  all  that  time  he  is 
really  obeying  the  law  he  has  laid  down  for  himself.  Now  what 
I  am  going  to  say  about  towers  and  spires  has  a  very  direct 
bearing  indeed  upon  the  subject  of  crystals.  If  you  please,  as 
being  more  familiar  objects,  let  us  consider  what  sort  of  towers 
and  spires  we  can  conceive.  You  may  imagine  a  lower  like  the 
Victoria  Tower,  or  like  the  clock  tower,  with  a  square  base ; 
that  is  if  you  cut  sections  across  them  everywhere,  these  are 
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always  either  square  with  similar  ornanientalion  upon  the  angles 
or  sides  of  the  square ;  or  you  may  have  such  a  tower  with  a 
spire  upon  it,  a  square  lower  with  a  pyramidal  spire.  Again  yon 
may  have  a  trigonal  tower,  a  tower  with  an  equilateral  triangle 
as  a  section ;  such  as  Stourton  Tower  in  Somersetshire.  The 
section  of  that  tower  is  an  equilateral  triangle.  Or  it  may  be  a 
hexagonal  lower,  such  as  you  have  in  the  tower  of  St.  Dunstan's, 
Fleet  Street.  Or  you  may  select  a  tower  like  that  of  Sl  Mary  le 
Strand,  of  which  the  section  is  a  rectangle  ;  the  angles  are  right 
angles,  but  two  of  the  sides  are  longer  than,  and  are  different  in 
the  treatment  oF  their  ornamentation  from,  the  other  two.  These 
are  among  the  kinds  of  towers  we  can  suppose,  and  on  each  of 
these  a  spire  corresponding  to  it,  which  may  be  as  high  as  you 
like  or  as  low  as  you  like.  The  architect  can  choose  the  height 
as  he  pleases.  Here  {see  fig.  i6)  is  a  square  with  certain  orna- 
ments on  it,  lines  crossing  it,  and  the  angles  cut  off  by  these 
little  wires,  and  that  will  represent  fairly  well  the  base  of  one 
of  our  towers,  If  you  imagine  the  tower  to  be  standing  on  a 
sheet  of  water,  and  that  you  are  looking  at  il  from  the  front,  you 
will  see  the  tower  reflected  on  the  sheet  of  water  as  if  there  were 
another  tower  standing  with  its  point  downwards  with  the  base  of 
the  tower  meeting  the  one  you  are  looking  at.  The  sheet  of 
water  in  that  case  reflects,  like  the  surface  of  a  glass  mirror  in 
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which  you  see  ihe  upper  half  of  the  picture  repeated,  and  that  is 
exactly  what  I  mean  when  I  speak  of  a  plane  of  symmetry.  It 
divides  the  figure  so  that  the  upper  and  lower  halves  are  sym- 
metrical ;  that  is  to  say,  the  upper  half  corresponds  exactly  with 
the  lower  half,  and  if  you, draw  lines  perpendicular  to  that  sheet 
of  water,  lines  we  will  say  50  feet  above  and  50  feet  below, 
those  lines  would  meet  points  which  would  correspond  above  and 
below.  That  is  the  definition  of  a  plane  of  symmetry.  In  that 
case  the  sheet  of  water  would  be  the  plane  of  symmetry  parallel 
to  the  base  of  our  tower. 

Now  if  I  take  a  crystal  of  this  kind  in  which  you  see  we  have 
two  spires  with  bases  of  six  equal  sides,  and  a  regular  hexagon, 
for  section ;  below  and  between  the  two  tbere  is  this  prism, 
which  is  also  hexagonal  ;  if  we  were  lo  cut  this  in  half,  the  upper 
and  lower  half  would  exactly  correspond  to  each  other,  and  the 
section  which  divided  them  would  be 
the  plane  of  symmetry  dividing  that 
crystal  in  two.  If  again  I  cut  the  crystal 
down  in  certain  directions,  perpendicular 
to  this  plane  of  symmetry,  there  will  be 
six  such  sectional  planes  by  which  I  can 
divide  my  crystal  symroetrically ;  that 
is  to  say,  the  two  halves,  in  each  case, 
"ill  be,  the  one  to  the  other,  as  the  re- 
ficttion  would  be  to  an  object  seen  in  a. 
mirror,  just  as  in  the  case  of  the  symmetry 
of  a  tower  in  regard  to  a  sheet  of  water. 
In  describing  the  architecture  of  a 
.rysial  we  have  to  change  the  word 
tower  into  prism,  and  we  may  speak  of 
,  rectangular  prism,  a  triangular  prism,  a  hexagonal 
prism,  etc.,  according  to  the  character  of  its  cross  section  :  and 
instead  of  a  tower  supporting  a  spire,  we  will  now  speak  of  a 
prism  terminated  by  pyramids.  Now  wc  may  have  prisms  on 
crystals  of  the  following  kinds.  First  let  the  crystals  stand  upright 
— perpendicularly— on  their  bases.  Then  the  cross  section  may 
be  square,  or  rectangular,  and  may  have  its  corners|cut  off  by  planes 
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represented  in  section  as  lines  making  it  into  an  octagonal  figure 
with  e^oaJ  angia.  Or  planes  may  cut  off  its  comers  at  angles  whidi 
are  different  on  adjacent  sides  (see  figs.  15  and  16).  Or  the  sectioo 
may  be  iriangular.  and  the  angles  of  the  triangle  may  be  cut  off  by 
planes,  i.e.,  by  lines  representing  planes  which  make  hexagonal, 
equiangular  figures,  and  so  on.  But  no  section  of  a  crystal  can  be 
an  equiangular  pentagon.  Or,  secondly,  we  may  have  crystals 
which  when  placed  on  their  base,  or  on  a  cross  section  parallel  to 
their  base,  would  lean  over  to  one  side.  Some  such  crystals  am 
be  divided  symmetrically  by  a  plane  ;  some  cannot  But  in  the  last 
case  there  is  still  to  be  found  a  centre  of  symmetry,  because  for 
every  point  on  one  side  you  can  find  a  corresponding  point  at  an 
equal  distance  on  the  other  side  along  any  straight  line  passing 
through  this  centre ;  so  that  there  is  a  centre  of  symmetry.  Con- 
sider next  a  crystal  prism  with  pyramids  terminating  it,  and  you 
will  see  wheff  speaking  of  this  as  a  crystal  symmetrical  to  an  axis, 
which  is  the  next  term  I  am  going  to  use,  what  meaning  I  attach 
to  the  words  tetragonal,  hexagonal,  and  so  on ;  that  it  is  tetragonal 
when  it  comes  into  four  pasilions  0/  similar  aspett  when  tumctl 
once  round  the  axis ;  or  trigonal  when  it  has  three,  or  hexagonal 
when  it  has  six  such  positions  of  repeated  identity.  So  we  have 
now  a  particular  meaning  for  that  expression.  Take  for  instance 
this  crystal,  fig.  4  or  fig.  S ;  if  1  turn  it  round  its  axis  through  90 
d^rees,  thatisaquarterofadrcle.itsaspect  isthe  same.  Turn  it 
again,  you  see  it  is  exactly  what  it  was  before,  and  I  can  do  that 
4  times  before  the  figure  comes  back  to  the  position  which  it 
started  from.  That  is  a  tetragonal  prism.  We  can  do  the  same 
thing  with  other  figures.  We  can  do  it  3  or  6  times  round  a  trigonal 
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or  hexagonal  axis  (see  figs.  10  and  9).  If  we  examine  these 
different  crystals  yoii  will  see  that  we  are  able  to  get  out  of  them 
all  the  sorts  of  symmetry  that  I  spoke  of  just  now  ;  but  the  poini 
1  want  to  call  your  attention  to  is  that  ia  crystals  we  have  not  the 
advantage  of  being  able  always  to  refer  a  crystal  to  the  particular 
kind  of  symmetT)'  that  it  represents  simply  by  looking  at  it.  We 
have  to  study  it  to  a  certain  degree,  to  bring  a  certain  amount  of 
crystallographic  kuowiedge  to  bear,  lo  determine  whether  or  not 
L  timt  crystal  presents  one  or  another  kind  of  symmetry.    Now  let  us 

Y  Xdbk.  closer  into  what  we  mean  by  this  question  of  symmetry  in  the 
■■tiystal.  Take  the  trigonal  case,  and  you  see  if  I  turn  this  quartz 
loystal  through  the  sixth  part  of  a  circle  I  bring  my  pyramid  into 

I  position  similar  lo  that  which  it  was  in  at  first :  but  the 
I  relative  situations  and  aspects  of  the  faces  of  the  crystal  in  the 
I  tiiree  positions,  though  a  similarity  is  recognisable  in  them,  are  not 
I  «trict!y  identical.  The  question  is  in  what  manner  can  you  say 
I  that  that  sort  of  symmetry  exists  in  this  crystal,  because  when 
I  you  come  to  examine  it  you  find  this  awkward  fact  about  it,  that 

V  ttie  faces  that  should  be  repeated  symmetrically  (morphological 
I  elements,  in  fact),  are  not  all  nor  any  of  the  same  siee.  Of 
leourse,  in  a  tower  the  four  sides  are  of  the  same  size,  and  so  are  the 
I  vdes  of  a  spire  ;  in  fact,  the  very  essence  of  symmetry  in  a  lower 
tor  spire  you  would  say  consisted  in  the  sides  being  comparable  in 
Ktfiis  respect.  In  a  crystal  that  is  very  rarely  the  case  ;  in  point  of 
wSaxA  it  is  quite  an  exceptional  thing  to  find  a  crystal  in  which  the 
1  &ces  that  ought  to  correspond  to  one  another  are  exactly  of  the 

.  Sometimes  you  have  a  crystal  compressed  and  flattened 
[  along  one  direction,  and  a  plane  which,  when  you  come  10  look  at 
I  it,  you  would  say  ought  lo  be  a  large  plane— is  a  small  one,  whilst 
I  others  are  large  which  ought  to  be  small.  You  can  hardly,  for 
I  instance,  see  them  sometimes.  Here  is  a  crystal  in  which  the 
I  green  spots  on  Ihe  pyramid  represent  one  set  of  faces,  and  the  red 
I  ipots  represent  another  set.  Here  is  a  large  face  with  a  green 
ft.lpot,and  there  is  a  very  small  one. 

But  now  1  come  to  a  statement  which  I  must  ask  you  to  accept 
I  as  the  result  of  experience.'  Although  we  find  the  faces  of  crystals 
[  vary  in  this  manner,  we  always  find  ihe  angks  beti,'een  the  /aces 
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that  coTTtspond  to  be  the  samf.  That  is  the  important  fact  out  of 
which  crystallography  took  birth.  It  was  the  establishment  or 
this  fact  as  a  certainty  that  made  it  possible  Tor  us  to  create  a 
science  of  crystal lograpiiy,  and  upon  ihat  fact  the  science  has 
steadily  grown.  Now  observe  one  result  of  this  fact,  that  thou^ 
the  faces  of  the  crystal  may  present  any  size,  big  or  httle,  yet 
they  do  not  vary  in  rclaiive  direction  ;  that  is  to  say  that  faces  to  be 
synunctrically  repeated  must  be  inclined  at  the  same  inclinations 
on  other  faces  which  correspond  to  one  another  symmelricallv  ; 
and  that,  independently  of  their  relative  magnitudes.  We  will  j5st 
give  a  name  to  that  sort  of  thing  because  it  is  always  well  to  have 
simple  terms  to  use.  A  crj-stallographer  when  he  takes  a  crystal, 
such  as  this  one  of  Apophyllile,  looks  upon  it,  and  selects  certain 
faces.  He  says  this  one  and  this  one  and  that  one  and  that  one 
are  evidendy  four  faces  that  correspond  to  one  another;  and  there 
are  four  more  at  the  bottom  here.  They  are  the  four  taces  re- 
peated four  times  above  and  four  times  below  this  plane  of 
symmetry,  but  some  of  these  are  large  and  some  are  small. 
How  do  we  know  that  these  faces  are  really  the  faces  that  cor- 
respond to  one  another?  That  is  a  more  difficult  thing  perhaps 
to  explain  in  a  moment,  but  in  the  first  place  their  physical 
characters  are  all  alike,  and  are  very  much  unlike  the  physical 
charaaers  of  the  other  faces  of  the  crj-stal.  For  instance,  these 
faces  here  are  deeply  grooved  in  one  direction,  all  of  them. 
The  little  face  at  the  top  is  covered  with  myriads  of  little  pyra- 
mids, and  is  unique  until  you  turn  it  over,  and  then  the  parallel 
face  at  the  under  side  is  found  to  have  physical  characters  exactly 
like  it.  Again,  these  faces  which  1  first  spoke  of  are  faces 
whith  carry  a  singular  kind  of  glistening  lustre  which  is  quite 
peculiar  to  thein.  One  can  see  at  once  that  they  correspond  to 
one  another  ;  but  it  is  not  always  that  we  are  able  thus  easily  to 
say  that  this  face  corresponds  to  that,  and  that  we  may  put  all 
these  faces  together  into  a  group  of  symmetrical  faces,  in  fact 
into  what  the  cryslallographer  calls  a  "form."  It  is  not  always- 
we  are  able  thus  to  assert  that  these  faces  belong  to  a  "  form." 
We  have  sometimes,  in  order  to  assert  that,  to  go  into  careful 
measurements,  to  take  an  tmtrument  called  a  goniometer,  an 
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instrunienC  for  measuring  these  angles,  and  determining  the 
angles  which  these  faces  make  with  the  faces  that  they  are  in 
contact  with,  and  then  when  we  have  measured  those  angles  and 
have  found  that  the  corresponding  angles  here  are  exactly  the  same 
as  the  corresponding  angles  there,  then  we  are  able  to  say  ihat  ihese 
faces  do  really  belong  each  and  all  of  them  to  the  same  form.  That 
is  how  we  come  to  recognise  symmetry  in  a  crystal.  The  faces 
need  not  necessarily  be  all  of  the  same  size,  but  they  arc  related 
in  the  same  way,  and  inclined  at  similar  angles  to  the  faces  around 
tfaem,  and  they  also  present  the  same  physical  characters ;  or  we 
may  say,  that  faces  the  directions  perpendicular  to  which  in  the 
crystal  are  the  same  in  their  physical  characters,  such  fates  and 
only  such  faces  of  a  crystal  are  those  which  ate  repeated  sym- 
metrically. Symmetry  in  a  crystal  therefore  consists  in  this,  that 
similar  faces  on  it  are  repeated  in  obedience  to  a  law  of  symmetry, 
and  when  1  say  that,  I  mean  you  are  to  identify  these  faces  by 
the  fact,  first,  that  their  angles  of  inclination  correspond,  and 
secondly,  that  their  physical  characters  are  the  same ;  that  the 
physical  properties  which  the  crystal  presents  perpendicularly  to 
these  faces  as  regards  beat,  light,  friction,  electricity,  elasticity, 
cohesion,  every  agency  in  short,  by  which  you  can  solicit  ihem, 
are  the  same,  and,  I  add  to  that,  these  physical  characters  are 
different  from  those  which  characterise  the  directions  peipendicu- 
lar  to  any  other  faces  of  the  crystal.  There  we  have  given  us  a 
true  definition  of  crystal  symmetry.  If  you  consider  what  I  have 
said,  that  the  real  identification  of  a  plane  or  face  upon  a  crystal 
involves  a  certain  power  on  your  part  of  identifying  the  physical 
characters  of  the  crystal  in  a  direction  perpendicular  to  the  face, 
you  see  Ihnl  it  almost  stands  to  reason,  without  further  recourse 
to  experiment,  that  wherever  you  get  a  section  through  a  crystal 
parallel  to  the  given  lace  that  section  must  have  characters  similar 
to  those  of  the  face ;  at  least,  so  far  as  that  wherever  you  draw  a 
plane  through  a  crystal  parallel  to  a  face,  the  section  you  make 
must  present  the  same  symmetry  as  the  face  presents;  that  is  to 
say,  you  cannot  cut  a  plane  parallel  to  the  face  of  a  crystal  pre- 
senting tetragonal  symmetry,  which  instead  of  being  symmetrical 
in  this  way  should  present  trigonal  symmetry.     That  is  a  very 
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important  matter,  because  what  we  practically  have  to  ask  now  i: 
what  kind  of  sections  can  we  cut  through  crystals— in  what  son 
of  ways  can  you  cut  sections  in  any  crystal  so  as  to  exhibit  and 
define  its  symmetry,  and  what  sorts  of  symmetry  can  we  thus 
reveal  ? 

First  of  all,  we  will  speak  from  experience.  If  you  come  to  look 
into  the  question  and  study  a  number  of  crystals,  that  fact  which 
I  mentioned  at  the  beginning  is  very  striking,  viz.,  how  many 
crystals  are  more  or  less  prismatic  in  character,  long  needle-shaped, 
tower-iike  ?  In  fact,  they  are  in  the  majority ;  when  you  come  to 
inspect  these  crystals  you  find  that  their  prism  sections  belong  to 
one  or  other  of  the  kinds  that  have  been  defined  ;  they  may  be 
tetragonal,  or  trigonal,  or  hexagonal,  or  they  may  be  rectangular 
or  lozenge  formed  (the  symmetry  in  these  two  cases  being  identical 
ia  character).  And  if  we  carry  sections  through  the  crystal  in  any 
other  directions  parallel  to  faces,  we  further  see  that,  besides  these 
sorts  of  symmetry,  the  section,  like  the  face  itself,  may  be  sym- 
metrical only  to  a  centre,  or  may  have  no  symmetry  at  all.  Now 
the  crystal  faces,  and  consequently  the  crystal  sections  that  may  be 
cut  parallel  to  faces,  which  belong  to  the  lower  types  of  synmietry, 
are  by  far  the  most  frequent  on  a  crystal ;  those  of  higher  sym- 
metrical type  being  either  planes  of  symmetry  themselves  or  per- 
pendicular to  axes  of  symmetry,  and  so  to  two  or  more  planes  of 
symmetry. 

Thus  in  the  first  place,  except  in  one  variety  of  symmetry, 
or  system  of  crystals,  you  will  never  have  more  than  one 
direction  in  a  crystal,  the  section  across  which  resembles  a  square 
or  is  trigonal  or  is  hexagonal  ;  that  is  to  say,  you  may  have  a 
crystal  of  this  kind  {figs,  7  and  9),  with  its  hexagonal  section 
perpendicular  to  an  axis  of  form— the  tiwrphologkal  axis,  the 
direction  of  which  is  now  vertical.  You  may  have  that,  but  with 
the  exception  of  one  single  system,  as  we  call  it,  you  carmot 
have  more  than  one  such  section  as  that. 

In  the  sanieway  with  the  square  section.  There  is  only  one  kind 
of  crystal -«ymmetr>-  in  which  you  can  have  more  than  one  square 
section.  That  one  kind  in  which  you  can  have  more  than  one  square 
section  is  the  same  as  the  kind  in  which  you  can  have  one  odier  kind 
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of  trigonal — not  hexagonal,  but  trigonal  section  ;  and  it  is  a  very 
curious  thing  that  this  should  be  so  ;  you  may  prove  the  necessity 
for  this  geometrically,  but  it  is  not  the  less  remarkable  that  the  only 
exception  to  the  impossibility  of  your  having  crystals  with  more 

I  dian  one  square  or  triangular  section  is  this,  the  cubic  system. 
(See  fig.  t  a).  That  is  the  system  of  which  you  see  a  very  com- 
plex form  that  has  been  built  up  within  this  wire  model.  Here 
again  is  a  solid  model  with  a.  series  of  planes,  representing  the 
possible  planes  of  a  crystal  which  also  belongs  to  that  system.  It 
.  very  complex  system — the  most  complex  of  all— and  the 

i  system,  at  the  same  time,  to  which  the  simplest  figures  which  we 
know  belong.  Three  of  the  platonic  solids — the  cube,  the  octa- 
hedron, and  the  tetrahedron — all  belong  to  that  system ;  on  the 
other  hand  the  other  platonic  solids,  the  dodecahedron  and  the 
icosahedron,  are  impossible  in  that  crystal  or  on  any  other, 
because  they  present  sections  which  are  penti^onal ;  they  are  like 
the  section  of  this  Sower,  the,  anagallis,  and  that  is  a  kind  of 
symmetry  which  is  impossible  in  a  crystal. 
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Now  we  have  considered  certain   kinds  of  crystals  ;  we  have 

seen  thai  only  a  limited  number  of  kinds  of  prisms  or  pyramids, 

indeed  of  other  solid  forms,  can  exist  in  crystals.     I  have  told 

[  you  that  experience  first  asserted  that,  but  that  now  theory  makes  it 

certain.   Then  we  have  seen  that  the  trigonal  and  tetragonal  kinds 

of  symmetry  can  only  exist  uniquely— that  jou  cannot  have  ihem 

I  combined  in  the  same  crystal  except  in  that  one  single  case, 

I  the  cubic  system. 
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Fig.  12. 


Fig.  13. 


Fig.  14. 


To  the  different  kinds  of  symmetry  that  axe  thus  possible, 
the  crystallographer  has  given  names;  and  has  divided  them 
into  six  different  classes.  There  is  that  most  complex  one  in  which 
the  square  and  trigonal  kinds  of  symmetry  are  united  together  in 
the  same  figure  ;  that  is  the  first,  which  we  call  the  cubic  system 
(see  fig.  12).  Then  we  may  have  the  kind  with  a  tetragonal  base 
like  this,  but  where  the  axis  of  rotation  for  revolving  the  crystal 
round  into  its  four  positions  of  identical  phase,  is  longer  or  shorter 
than  either  the  sides  or  diagonals  of  the  base  itself  (fig.  8).  If  on  the 
other  hand,  this  axis  was  of  the  same  dimensions  as  the  width  and 
depth  bf  the  base,  this  crystal  would  have  been  an  ordinary  cubo- 
octahedron,  and  that  would  have  been  a  combination  of  figures 
belonging  to  the  cubic  system.  This  system,  then,  which  has  one 
square  section  we  call  the  tetragonal  system.  We  have  a  system 
which  has  one  hexagonal  section  and  that  we  call  the  hexagonal 
system  (see  fig.  9).  To  that  system  belongs  a  peculiar  variety  of 
symmetry,  presenting  a  certain  defalcation  in  the  faces  which 
results  in  a  trigonal  disposition  of  the  features  of  the  crystal,  as 
in  fig.  10;  but  so  that  these  two,  the  trigonal  and  hexagonal,  prac- 
tically belong  to  the  same  system.  We  have,  therefore,  the  cubic, 
the  tetragonal,  and  the  hexagonal  systems.  Those  are  three  of  the 
six  systems. 

Now  we  come  to  another.  That  is  the  system  I  have  here 
(see  fig.  13),  and  I  must  say  a  few  words  just  to  show  how  the 
angles  come  in  to  help  us.  This  represents  a  crystal  in  which  the 
lengths  from  side  to  side,  from  front  to  back,  and  again  from  end  to 
end,  represent  three  different  magnitudes  ;  at  the  same  time  that 
the  crystal  is  symmetrical  to  three  planes  perpendicular  to  each 
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other,  which  we  may  suppose  to  pass  through  the  middle  of  ihe 
solid  ;  three  planes  which,  perpendicular  to  each  other,  divide  the 
crystal  symmetrically.  I  say  the  three  dimensions  of  the  crj'stal 
represent  three  magnitudes.  Yet  we  have  seen  thatrelative  magni- 
tude in  length,  breadth,  or  thickness  has  00  place  in  crystallography, 
but  only  the  magnitudes  represented  by  angular  inclinations. 

I       h   d. J.     a    i,  6 


Let  me  explain  this.  Here  is  a  square,  and  here  a  rectangle  ; 
crystal  logra  phi  call  y  they  are  equivalent  figures.  But  if  an  angle  of 
what  we  may  call  a  crystal lographic  square  is  replaced  by  a  line 
representing  the  trace  of  a  crystal  face,  the  angles  made  by  the  line 
with  the  two  sides  of  the  square  are  equal;  or,  if  they  are  not,  there 
must  be  two  lines,  i.t.,  two  faces  similarly  inclined  on  the  sides, 
aa  in  this  model  (fig.  16).  In  a  crystallographic  rectangle  this 
is  not  the  case.  In  the  case  of  the  square  with  each  angle  cut 
off  by  a  crystallographic  line,  the  lengths  of  the  parts  of  the  two 
sides  cut  off  by  the  line  ate  obviously  equal ;  in  the  case  of  a 
crystallographic  rectangle  they  cannot  be  equal  (fig.  15).  We 
say  then  that  in  the  first  case  it  is  possible,  in  the  second  case  it 
is  impossible  to  represent  these  lengths  by  equal  magnitudes. 

The  sort  of  symmetry  then,  in  which  there  are  three  or  more 
crystal lographically  rectangular,  but  no  square  sections,  furnishes 
us  with  a  fourth  system.  We  have  the  cubic,  the  tetragonal,  the 
the  hexagonal,  and  this  fourth  system  with  three  perpendicular 
planes  of  symmetry,  namely,  the  orthorhombic,  or  upright 
rhombic  system  ;  it  is  called  the  rhombic  system,  because  the 
sides  of  the  prism-section  are  parallel  to  the  diagonals    of  the 
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t)Bt  the  oaly  kind  of  tyminctiy  wiucb  the  aystal  prescnis  ii 
synnnetiy  to  2  centic,  and  that  is  the  asynunetncal  ot  the  aooidiic 
Sfttaa  (»ee  lig.  17).  Those  are  the  six  systeiDS,  and  in  ibe 
sketch  I  have  given  yon  of  tbcm  1  have  illustiated  the  general 
principle  ruling  the  anangement  of  crystals  according  to  their 
•ytmnetry. 

Let  ui  go  now  to  another  subject.  I  said  just  now  that  we 
know  roaihematicaJly,  and  as  a  recent  result  of  mathematics, 
that  those  lyslema  are  the  only  possible  systems ;  and  we  know 
that,  because  wc  know  by  experience  that  what  is  called  the  funda- 
metital  law  of  crystallography  is  true.  We  have  not  yet  said  any- 
thing about  that  law,  and  tf  you  please,  we  will  not  just  at  present, 
but  let  D»  consider  for  a  moment  something  else,  and  that  is  the 
effect  of  heat  upon  a  crystal,  or  the  behaviour  of  a  crystal  in 
re«lrii:ling  the  motions  of  heat  or  light,  or  other  forms  of  energy. 
What  ia  the  coutse  of  heat  when  it  enters  a  crjstal  ?  Heat,  of 
course,  the  ordinary  radiant  beat  is  nothing  else  but  light,  that 
is  to  say,  beat  and  light  are  bound  up  together.  They  are  like 
threads  of  the  same  cord  and  you  cannot  separate  them.    The 
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radiant  heat  and  light,  or  radiation,  when  it  approaches  and 
enters  a  crystal  undergoes  in  it  extraordinary  changes. 

In  fact,  when  one  comes  lo  deal  with  the  more  intricate  ques- 
tions of  crystallography,  we  have  to  recognise  that  a  crystal  is  a 
molecular  system,  the  distribution  of  the  molecules  in  which 
is  the  thing  we  have  to  unravel.  Consider  the  change  effected  in 
the  course  and  fashion  of  a  ray  of  light  when  it  enters  a  crystal. 
You  know  at  once  the  change  is  profound,  that  it  varies  with  the 
direction  in  the  crystal,  that  as  a  rule  (not  without  exceptions, 
and  exceptions  that  are  always  explicable  and  beautifully  regular), 
but  as  a  rule  the  radiant  heat  and  light  is  broken  up  when  it  enters 
the  crystal  into  two  raya  which  can  only  vibrate  in  certain  direc- 
tions ;  that  is  to  say,  that  the  luminiferous  ether  by  the  means  of 
which  we  explain  all  the  ordinary  phenomena  of  light  undergoes, 
by  the  influence  of  the  molecules  with  which  it  is  hampered,  a 
certain  kind  of  constraint  in  the  transmission  of  the  light-thrill  or 
vibration,  which,  as  it  traverses  this  ether,  has  special  modifications 
impressed  on  It,  and  is  only  able  to  follow  certain  paths  within 
the  crystal,  which  paths  will  depend  on  the  direction  of  the  light, 
and  on  the  construction  of  the  crystal  in  which  the  light  move- 
ment is  propagated. 

But  now  let  us  pass  from  this  more  complex  question  to  one, 
the  result  o(  which  is  somewhat  more  simple.  Let  us  take  what 
happens  when  heat  begins  to  become  sensible  heal,  when  the 
crystal  gets  warm.  What  does  that  mean  ?  It  means  that  some 
portion  of  this  vibratory  movement  has  been  converted  by  the 
crystal ;  that  there  has  been  an  absorption,  that  the  motion  that 
before  was  confined  only  to  the  ether  and  that  would  otherwise 
have  passed  on,  has  been  connecting  itself  with  the  little  mole- 
cular systems  that  have  hitherto  been  hampering  this  ether,  and 
that  these  molecular  systems  are  no?¥  vibrating  more  vividly,  more 
Strongly,  and  that  the  excursions  that  they  are  making — for  re- 
member no  crystal  is  without  heat — no  l>ody  in  nature  is  without 
heat,  and  is  therefore  not  without  motion— therefore  I  say  the 
motions  of  these  molecules  have  been  amplified  by  the  addition  of 
the  heat  lo  them  and  now  the  crystal  begins  to  imdergo  that 
change  which  matter  undeigoes  when  its  temperature  is  raised — it 
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begins  to  expand ;  but  the  expansion  does  not  take  place  equally 
in  every  direction.  It  takes  place  much  more  in  some  directions 
than  in  others.  The  only  thing  you  can  assert  about  it  a  priori  is 
this,  that  it  win  take  place  equally  along  all  those  directions  which 
may  be  symmetrically  repeated  in  the  crystal.  Along  all  these 
directions  the  increase  due  to  the  action  of  the  heat  will  be  the 
same,  and  it  will  be  ditlerent  along  all  other  direcrions ;  that  is 
to  say,  the  crystal  will  expand  along  those  directions  more  or  less 
than  it  will  along  any  others,  and  the  result  of  that  will  be  that  the 
angles  of  the  crystal  will  as  a  general  rule  change,  and  as  the 
angles  change  we  can  measure  on  the  goniometer  the  kind  of 
change  that  is  taking  place  on  the  form  of  the  crystal.  This 
marvellous  fact  is  of  a  piece  with  all  the  other  facts  we  know 
about  crystals.  Let  us  now  come  to  some  explanation  of  this.  I 
find  in  the  collection  here  a  very  interesting  and  remarkable  little 
mode!  that  illustrates  a  mathematical  theory  of  the  molecular  con- 
struction of  a  crystal.  It  had  a  long  name  that  a  good  deal 
puzzled  the  translators  for  the  guide,  but  the  meaning  of  it  is  a 
Space- trellice- work,  or  "  Trellice  work  in  space,"  a  reticulation  in 
three  dimensions ;  but  it  will  serve  to  illustrate  very  beautifully 
a  simple  theory  of  the  molecular  construction  of  a  crystal.  If 
you  suppose  a  crystal  to  be,  as  we  know  it  is,  a  molecular  struc- 
ture ;  then  you  have  only  to  imagine  that  the  centres  of  mass  of 
the  different  molecules  are  ranged  along  in  straight  lines^that  if 
you  take  a  line  passing  through  any  two  of  these  you  will  find  if 
you  go  on,  to  the  same  distance  again  in  this  model,  that  you 
would  come  to  another  of  these  molecules,  and  so  on  as  far  as 
the  crystal  extends ;  that,  in  short,  these  little  molecules  all  lie  at 
equal  distances  along  any  line  you  choose  to  pursue.  Now  let 
us  suppose  an  accession  of  heat  to  affect  these  molecules ;  they 
are  always  moving,  and  as  you  increase  the  temperature  they  move 
more  vigorously.  It  is  difficult  to  conceive  the  sort  of  motions 
that  they  must  represent,  but  this  exertion  increases  as  the  tem- 
perature increases,  and  in  directions  that  are  not  equivalent,  in 
different  degrees,  and  there  you  have  at  once  the  explanation 
of  the  kind  of  change  we  spoke  of  just  now.  Supposing  the 
motion    of  these  molecules  to  follow    a    regular  law,  and    that 
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I  certain  temperature  the  motions  are  definite,  you  may 
;  thai  along  any  one  of  these  lines  all  the  molecules 
that  are  of  the  same  temperature  will  drive  away  as  it  were 
the  molecules  next  to  them  until  they  are  stretched  out  alone;  lliat 
line  to  equal  but  greater  distances,  and  those  distances  wiU  be 
different,  from  the  new  distances  that  will  be  taken  up  by  the 
molecules  along  another  direction  in  the  crystal.  In  short  the 
only  directions  along  which  the  new  intermolecular  distances  will 
be  the  same  will  be  those  directions  that  are  symmetrically  related 
to  one  another,  these,  namely,  that  belong  to  the  same  set  of 
symmetrically  disposed  lines.  You  see  then  that  there  we  have 
at  any  rate  a  theory — it  is  only  a  theory,  but  it  gives  us  a  very 
complete  idea  of  the  way  in  which  heat  may  operate  in  producing 
the  effects  that  have  been  described  to  you.  But  now  let  me  just 
asic  you  for  a  moment  to  consider  what  are  the  conditions  in  a 
system  of  this  kind  for  the  existence  of  a  face  on|ii  crystal.  We 
have  said  that  the  molecules  of  the  crystal,  the  centres  of 
mass  of  the  molecules,  must  be  at  equal  distances  along  any  as- 
sumed direction  in  which  any  two  of  them  lie.  If  now  I  only  say 
of  a  face  of  a  crystal  that  the  necessary  condition  for  the  possible 
existence  of  a  face  on  a  crystal  shall  be  that  it  contains  the  centres 
of  mass  of  three  molecules  that  do  not  lie  in  a  straight  line— that 
is  to  say,  that  lie  in  differeut  lines,  and  three  points  not  in  a  line  are 
enough  to  give  you  the  position  of  a  plane — then  any  three  such 
points  are  sufficient  at  once  to  give  you  the  position  and  the  char- 
acter of  the  plane  that  passes  through  them. 

If  we  assume  that  as  the  necessary  condition  for  a  face  upon  a 
crystal,  you  see  what  we  can  at  ooce  assert  with  regard  to  the  faces 
of  the  crystal.  We  can  say  that  no  face  can  eiist  in  that  molecular 
system  that  does  not  contain  a  certain  number — in  fact  an  unli- 
mited number — of  these  little  centres  of  mass  tanged  in  their  regular 
order.  If  the  plane  be  perpendicular  to  a  direction  around  which 
there  is  symmetry,  then  these  little  centres  of  mass  will  be  distri- 
buted symmetrically  round  any  line  of  molecules  parallel  to  that 
direction;  and  ihey  will  be  distributed  in  tetragonal,  trigonal,  or 
hexagonal  kinds  of  symmetry.  On  the  other  hand  you  will  see 
also  that  this  plane  passing  through  those  different  little  centres 
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H           of  raoiecular  mass,  will  intersect  with  any  other  directions  along       1 
^1            which  the  molecules  were  lying,  only  in  3  certain  way,  and  that        1 
^B            way  is  this.     Supposing  we  take  one  of  them,  and  you  may  take        1 
H           any  one  you  like,  (or  a  centre.     Just  suppose  that  three  lines  are       1 
^1            selected,  such  a^  these  three  forming  the  edges  of  this  model  as        1 
^1            it  stands,  and  we  can  move  them  about  in  any  way  ;  supposing        1 
H            that  these  three  rods  of  the  model  represent  the  directions  of 
H            three  lines  passing  through  this  angle-point  as  the  centre-     Now 
^1            suppose  another  face  belonging  to  the  crystal,  which,  as  I  have 
^1            defined  it,  must  be  a  face  passing  through  some  three  other  centres 
H             of  mass  thai  do  not  lie  all  in  a  line :    obviously  that   plane  if 
^1            continued  far  enough  will  meet  these  edges  ;  even  if  it  is  parallel 
^^            to  two  of  them  it  must  meet  the  third ;  and  if  it  is  parallel  to 
^B           none  it  must  meet  all  three. 
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are  separaled  by  the  distance  L,  along  this  direction  they  arc 
separated  by  the  distance  M,  along  that  direction  the  distance 
is  N,  L,  M,  and  N,  may  be  any  quantities  you  like — nature 
dictates  them,  we  do  not — but  they  vary  with  the  temperature 
as  you  have  seen.  All  you  can  say  is  that  any  other  face  or  a 
plane  parallel  to  a  face  belonging  to  this  system  will,  in  passing 
through  one  of  the  molecular-centres  in  each  of  our  asial  lines, 
intersect  those  axial  lines  at  any  distances  from  the  centre 
which  will  be  integral  multiples  of  L,  M  or  N,  Thus  the  plane 
bounded  by  the  triangle.  A,  B,  C,  meets  the  lines  at  the  dis- 
tances L,  3  M,  and  4  N  ;  that  bounded  by  the  triangle  H.  K,  L, 
raeeis  ihem  at  the  distances  3  L,  4  M,  a  N.  That  is  the  fun- 
damental law  of  crystallography.  We  have  worked  backwards  to 
it  as  it  were,  but  I  have  asserted  that  Ihe  laws  of  symmetry  in 
crystals  are  the  results  flowing  out  from  the  geometrical  law,  I  ask 
you  to  accept  this  assertion  that  they  are  the  natural  true  mathe- 
matical deductions  from  that  law.  We  have  considered  then 
what  were  these  kinds  of  symmetry,  and  what  is  meant  by  direc- 
tions being  repeated  symmetrically  in  a  crystal,  and  we  defined 
the  repetition  of  a  crystal lographic  direction  to  be  the  repetition 
of  directions  of  similar  physical  properties.  Then  we  went  on 
to  consider  what  the  effect  of  that  would  be  if  you  examine 
crystals  by  the  change  they  undergo  when  their  temperature  is 
raised,  and  we  passed  from  that  to  a  hypothesis  regarding  the 
molecular  structure  of  the  cryslal,  and  endeavoured  to  conceive  of 
such  a  molecular  structure  as  would  enable  us  Vj  interpret  this 
phenomenon  by  a  simple  law :  and  the  law  which  came  out 
from  this  theory  not  only  gave  a  possible  explanation  of  the  changes 
in  (]uestion,  but  accorded  also  with  the  law  which  we  had  assumed 
to  underlie  the  relations  of  the  faces  of  a  crystal  to  one  another ; 
therefore  you  see  that  if  we  seem  to  have  reasoned  somewhat  io  a 
circle,  the  steps  by  which  we  have  pursued  our  path  have  been, 
nevertheless,  perfectly  legitimate.  The  only  thing  we  have  really 
assumed  is  this  theory,  that  molecular  distances  along  any  given 
direction  are  equal.  That  is  the  only  assumption  that  we  have 
had  lo  make  and  I  think  that  is  not  an  assumption  of  any  very 
great  magnitude.    1  have  endeavoured  to  make  these  models  and 
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a  few  crystals  speak  lo  you  in  intelligible  language  ;  to  sound  the 
notes  that  shoultl  draw  out  their  tones  from  them.  If  it  be  that 
I  have  not  quite  struck  the  chord  lo  which  they  vibrate,  yet  at  a,ny 
rate  I  hope  that  in  some  degree  I  have  made  them  convey  to  you 
a  definite  notion  of  what  we  mean -by  the  statement  that  the 
symmetry  of  a  crystal  is  restrained  by  a  law  which  is  no  other 
than  the  simple  fundamental  law  of  crystallography.  Furthennore, 
the  simplicity  of  the  point  of  view  we  have  taken  is  this,  that  by 
it  we  co-rrdinatc  our  knowledge  of  the  molecular  structure  of  the 
crystal  with  our  knowledge  generally  of  the  structure  of  the 
universe.  Just  as  the  moment  DaUon  asserted  the  atomic  con- 
dition of  matter— the  moment  he  invested  those  little  atoms  with 
the  character  of  chemical  units,  the  fundamental  law  of  chemistry 
sprang  into  existence  :  so  here  the  moment  that  you  assume  a 
certain  very  simple  theory  for  the  constitution  of  a  crystal,  from 
that  moment  the  crystal lographic  law  rises  up  as  of  necessity,  and 
from  it  follow  also  as  of  necessity  those  principles  of  symmetry 
which  I  have  detailed.  Of  course  1  have  not  gone  through  any- 
thing of  the  mathematical  argument.  That  does  not  belong  to 
this  sort  of  lecture,  it  will  suffice  us  here  to  know  that  the  results 
are  established.  But  we  can  now  recognise  a  beautiful  co- 
ordination of  our  knowledge  of  two  branches  of  molecular 
science,  chemistry  and  crystallography.  \Ve  have  still  to  under- 
stand bow  it  is  that  matter  by  this  wonderful  geometrical  instinct 
plants  itself  molecule  by  molecule  into  this  exact  architectural 
structure  of  a  crystal.  We  have  to  learn  how  that  is,  and  there 
we  stand  without  aid  or  help  to  guide  us.  Ali  that  we  can  assert 
is  something  of  a  confident  expectation  that  we  shall  find  we  have 
to  deal  with  different  parts  of  the  same  series  when,  passing 
from  the  almost  infinitesimal  molecules  of  the  crystal  world, 
we  come  to  contemplate  the  great  worlds  moving  around  ua, 
upon  their  own  colossal  scale,  and  that  the  same  laws  are 
operating  here  as  there.  The  only  thing  is  that  we  have  to 
take  a  more  general  view  of  the  laws  to  which  we  attribute 
the  motions  of  the  heavenly  bodies.  The  law  of  gravitation,  for 
instance,  is  a  very  simple  law,  but  we  have  to  remember — 
because  we  now  know  it— that  it  is  but  the  first  terra  in  what 
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a  maihematician  calls  a  series,  and  for  all  appreciable  distances 
the  first  term  of  the  series  may  be  taken  as  true,  but  when  we 
get  down  to  smaller  distances — when  we  get  to  a  distance  so  small, 
instance,  as  that  which  we  are  dealing  with  in  the  ordinary 
case  of  capillary  attraction,  we  leave  that  term  behind  and 
have  to  consider  also  other  terms  in  the  series;  and  it  is  possible 
■when  we  come  down  still  further  to  the  molecular  stniciure  of 
matter  as  revealed  in  the  instinctive  geometry  of  the  crystal,  that 
we  shall  have  to  take  yet  more  terms  of  the  series  into  account, 
and  more  again  if  we  would  explain  the  nature  of  afilinity  and 
combination.  But  we  may  at  any  rate  speak  with  some  hope 
that  when  we  know  more  of  the  actual  nature  of  the  molecules 
themselves— whether  they  be  the  chemical  molecules  or  an  as- 
semblage of  such  molecules  building  up  a  crystal lographic  mole- 
cule—whatever these  may  prove  ultimately  to  be,  we  may  rest 
assured  that  the  marvellous  instinct  which  every  atom  of  sub- 
stance possesses  for  arranging  itself  in  a  crystal,  is  an  instinct 
which  b  of  the  same  order  as  that  which  bids  the  celestial 
bodies  move  in  conic  sections  when  they  are  under  the 
influence  of  the  law  that  we  are  content  with  calling  the  law 
of  gravitation, 

1  will  conclude  by  pointing  out  to  you  that  this  science  to  which 
I  have  drawn  attention  is  one  strangely  neglected.  It  is  curious 
that  the  small  amount  of  mathematics  it  involves  seems  10  have 
frightened  the  usual  students  of  science.  The  science  of  crystal- 
lography has  many  vigorous  minds  working  at  it  in  various  ways, 
but  it  is  surprising  how  very  few  chemists  and  how  hardly  any 
geologists  have  in  our  country  studied  it ;  yet  the  chemist  when  he 
wants  to  show  you  he   has  a  pure  substance  tells  you  of  the 

,  perfection  of  its  crystallisation.  If  to  night  1  shall  have  succeeded 
in  drawing  any  intelligent  person's  attention  to  this  wonderful 
little  science — and  it  is  quite  within  anybody's  reach  to  pursue 
it — I  should  feel  that  the  hour  1  have  spent  would  have  been  sjjent 
admirably  well,  and  the  more  if  1  could  believe  that  I  had  done 
mything  to  make  the  science  generally  interesting,  and  in  any 
way  more  easily  studied  by  those  who  would  turn  their  attention 

I  to  it. 
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The  Chairman  :  I  am  sure  you  will  be  glad  that  in  your  name 
I  should  give  our  best  thanks  to  Professor  Maskelyne  for  the 
interesting  lecture  he  has  given  us  this  evening  and  for  the  infor- 
mation he  has  afforded  us  on  this  very  important  subject. 


ARCTIC  DISCOVERY  IN  CONNECTION  WITH 
THE  EXPEDITION  NOW  MAKING  ITS  WAY 
TO    THE   NORTH    POLE. 

Bv  Caftain  Davis,  R.N.» 


July  i^tli,  1876. 


Mr.  Clements  Markham,  C,B.,  in  the  Chair. 

The  Chairman;  It  is  my  pleasing  duty  to  introduce  to  you 
Captain  Davis.  There  are  few  living  officers  who  have  had  more 
experience  in  ice  navigation  than  he  has,  though  in  the  Antarctic, 
not  the  Arctic  regions ;  and  this  qualification,  coupled  with  his 
well-known  popularity,  will,  I  am  sure,  ensure  to  you  a  very  in- 
teresting evening. 

Captain  Davis  :  Mr.  Chairman,  Ladies,  and  Gentlemen, 
— I  must  commence  with  an  apology ;  or,  perhaps,  considering 
the  locality  we  are  in,  a  confession  would  be  belter.  I  there- 
fore confess  to  you  that  my  lecture  this  evening  is  not  a  new  one. 
I  had  intended  to  re-write  it  for  this  occasion,  but  when  I  com- 
menced I  found  I  had  only  the  same  material  to  work  with,  and 
1  should  only  have  turned  my  paragraphs  end  for  end ;  and 
therefore  I  have  let  it  remain  just  as  it  is.     But  with  regard  to 

•  In  consequence  of  the  lamented  death  of  Captain  Davis,  on 
the  30th  January,  1877,  the  reports  of  this  lecture  and  of  that  on 
Antarctic  Exploration  delivered  on  the  5th  August,  have  not 
undergone  the  author's  revision. 
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ray  lecture  to-night,  I  think  there  has  been  a  slight  mistake. 
There  is  Dot  the  slightest  doubt  that  Mr  Markham  and  myself 
should  have  changed  places  ;  I  think  I  should  have  more  amply 
filled  the  chair  than  he  does,  while  he  would  have  given  you  a 
more  ample  lecture.  But  he  happened  to  be  away  when  I 
volunteered  my  services,  and  they  were  accepted  ;  and,  therefore, 
I  hope  that  if  I  can  send  each  one  of  my  audience  away  with 
some  little  grain  of  knowledge  tnore  than  they  had  when  they 
came,  I  shall  have  fulfilled  my  object,  whatever  your  ideas  may  be. 

To  attempt  to  give  an  outline  of  Arctic  exploration  generally, 
within  Ihe  limit  of  time  assigned  to  me,  is  out  of  the  question.  I 
therefore  propose  to  confine  myself  to  a  very  brief  sketch  of  those 
voyages  that  have  been  directed  to  the  attempt  to  reach  the  Pole 
itself,  prefacing  the  sketch  of  those  voyages  by  equally  brief  re- 
marks on  the  different  routes. 

The  extent  of  our  knowledge  of  those  vast  regions  lying  be- 
tween Greenland  and  Behring  Strait,  about  half  a  century  ago, 
viz.,  in  iSiS,  was  confined  to  the  sea-coast  at  the  entrance  of  the 
Coppermine  and  Mackenzie  Rivers,  and  the  coast-line  from 
Behring  Strait  to  Icy  Cape.  All  the  coast  between  those  distant 
points,  and  nearly  all  the  land  north  of  it,  is  due  to  the  discove- 
ries of  Englishmen  since  that  date.  Surely  we  may  be  justly 
proud  of  these  peaceful  honours  won  by  our  countrymen. 

It  is  slill  a  moot  tjuestiou  as  to  whom  the  discovery  of  the 
North.\V'est  Passage  is  due,  whether  to  Franklin  or  M'Clure.  I 
am  disposed  so  to  divide  the  honour  as  to  give  the  priority  of  dis- 
covery to  Sir  John  Franklin,  whilst  to  Sir  Robert  M'Clure  is 
undoubtedly  due  the  honour  of  being  the  first  who  ever  entered 
Behring  Strait  and  came  out  by  Davis  Strait,  although  a  part  of 
that  distance,  connecting  his  discoveries  with  those  of  Pany, 
was  not  accomplished  by  ship  or  boat,  but  by  travelling  over  the 
ice. 

There  are  four  routes  by  which  an  approach  to  the  Pole  may  be 
considered  feasible. 

(i )  By  Behring  Strait.  This  route  I  shall  at  once  dismiss,  as 
being  the  least  feasible  of  the  four,  and  one  which,  although  often 
proposed,  has  never  been  attetnpted. 
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(j.)  By  the  East  coast  of  Greenland.  The  prospect  of  suc- 
cess in  attaining  a  high  latitude  hy  this  route  is  extremely  proble- 
matical, the  continual  drift  of  ice  generally  choking  the  passage 
between  Spitzbergen  and  the  main,  and  always  setting  to  the 
southward,  renders  the  chances  of  working  against  the  stream 
through  Ihe  ice  small,  still  it  is  just  possible  ihat  lanes  of  water 
may  be  found  in  favourable  seasons  within  the  ice,  and  even 
eddies  of  the  main  stream  setting  in  the  opposite  direction, 
through  which  a  small  steamer,  by  watching  opportunities,  might 
work  her  way  north,  but,  as  remarked,  success  would  be  extremely 
problematical. 

(3.)  The  third  route  is  that  between  Spitzbergen  and  Novaya 
Zemlya ;  but  we  should  more  properly  describe  it  now  as  between 
Spitzbergen  and  Franz  Joseph  Land.  Here  there  is,  I  believe, 
far  more  chance  of  success  than  either  by  Behring  Strait  or  the 
East  coast  of  Greenland,  but  all  progress  in  the  Polar  regions  is 
one  of  chances  ;  still  by  observing  previous  seasons  in  the  matter 
of  the  quantity  of  the  moving  or  travelling  ice,  even  these  chances 
may,  in  some  degree,  be  calculated,  and  one  season  pronounced 
far  more  promising  than  another  :  thus,  the  one  just  past  was  con- 
sidered a  favourable  one,  for  the  quantity  of  ice  that  drifted  south 
last  year  was  exceptionally  great.  In  May,  June,  July,  and 
August  its  average  drift  was  fully  fourteen  miles  a  day.  In  the 
two  months  previous  to  those  it  must  have  been  drifting  at  double 
that  rale.  Captain  David  Gray,  an  experienced  whaling  captain  of 
Peterhead,  told  me  that  he  considered  that  nearly  the  whole  of 
the  ice  had  been  driven  out  of  the  Arctic  basin  last  summer, 
and  he  himself,  in  latitude  So",  saw  no  ice,  and  there  was  a  dark 
water  sky  to  the  northward. 

Here  I  must  digress  for  a  moment,  just  to  explain  what  is 
meant  by  a  "  dark  water  sky."  In  the  Polar  seas  we  some- 
times see  a  dark  purple  cloud  arising  on  the  horizon,  and  when 
that  can  be  seen  from  the  "  crow's  nest,"  although  ice  may  be 
seen  so  far  as  the  eye  can  reach,  if  that  sky  is  seen,  beyond  there 
the  sea  is  clear  of  ice.  On  the  other  hand,  when  you  are  in  quite 
dear  water,  as  far  as  the  eye  can  reach,  and  beyond  the  horizon, 
you  see  a  strong  white  colour — what  tiie   navigators  Cidl  the  "  ice- 
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—that  indicates  the  presence  of  ice,  and  a  seaman  would 
sooner  make  his  way  through  the  ice  towards  the  purple  sky  I 
have  mentioned  than  he  would  turn  the  other  way  where  he  can 
see  no  ice  at  all. 

(4.)  The  fourth  route  is  that  by  Bafiin  Bay,  and  here  it  would 
be  possible  to  start  half-a-dozen  fresh  or  branch  routes.  Each 
strait  between  those  islands  may  be  considered  a  route  to  the 
Pole  ;  but  the  particular  route  of  these  is  that  by  Smith  Sound 
or  between  the  west  coast  of  the  great  continent  of  Greenland 
and  the  lands  or  islands  that  lie  west  of  it.  It  cannot^be  denied 
that  this  route  has  advantages  which  the  others  have  not,  at]  of 
which  have  been  considered  in  determining  the  path  of  the  pre- 
sent expedition.  For  instance,  there  is  the  encouragement  derived 
from  the  American  expeditions,  for  although  Kane  and  Hayes  did 
not  attain  a  high  latitude,  the  Polaris  did.  It  is  also  considered 
more  favourable  for  sledging ;  and  one  axiom  in  Arctic  exploration 
is  in  support  of  it,  viz.,  "  Never  turn  a  comer  if  you  can  help  it ; "  for 
you  see  that  Smith  Sound  is  nearly  a  straight  road  from  Davis  Strait 
and  Baffin  Bay.  This  axiom  is,  however,  equally  applicable  to 
Ihe  Spitzbergen  route,  but  that  is  essentially  a  ship  route,  while 
that  by  Smith  Sound  is  considered  a  sledge  route. 

There  was  considerable  controversy  with  regard  to  the  route 
most  advisable  for  going  to  the  Pole  ;  and  very  high  words  arose 
about  it.  And  when  a  deputatii.in  waited  on  Mr.  Gladstone  to 
suggest  an  Arctic  Expedition, — you  all  know,  I  think,  that  Mr. 
Gladstone  is  "  up  to  a  thing  or  two,"  and  so  is  Mr.  Lowe— when 
the  deputation  asked  for  an  expedition  to  go  to  the  North  Pole, 
he  turned  round,  and  asked  them  "  which  way  they  wanted  to 
go  "  ?  Thereupon  there  was  a  split.  One  wanted  to  go  one 
way,  and  another  another  way ;  and  he  said,  "  I  cannot  give  two 
Expeditions,"  and  consequently  it  fell  10  the  ground.  Since  that, 
we  have  grown  wiser.  I  advocated  the  Spitzbergen  route  ;  and  so 
did  many  others  j  but  we  all  agreed  tacitly  that  we  would  hold 
our  tongues — not  that  we  altered  our  opinion  ;  and  therefore  we 
who  adventured  that  route  kept  silent,  and  the  other  party  got 
the  expedition  by  way  of  Smith's  Sound.  I  only  hope  we  shall 
be  proved  wrong  by  their  reaching  the  Pole  before  we  have  had  a 
chance  of  doing  so. 
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I  will  now  glance  at  the  attempts  thai  have  been  made  to  reach 
the  Pole  by  these  three  routes,  consecutively. 

East  Greenland  Route. — The  first  voyage  made  to  reach  the 
Pole  was  by  Heniy  Hudson  in  1607.  As  attempts  had  been 
made  to  reach  India  and  Cathay  both  by  the  North-west  and  North- 
east Passages  without  success,  it  was  determined  by  the  Muscovy 
Company  of  Merchants  to  cut  the  Gordian  knot  by  sailing  directly 
across  the  Pole  ;  and  Henry  Hudson,  an  experienced  seaman  and 
navigator  was  selected  to  conduct  the  expedition,  and  I  beg  you  will 
note  the  means  placed  at  his  command,  compared  with  the  expedi- 
tion now  on  its  way  for  the  same  purpose.  Avessel  ofSotonswas 
allotted  to  him,  and  in  that,  with  a  crew  of  ten  men  and  a  boy, 
Hudson  left  Gravesend  on  May  Day  of  1607,  to  make  his  way  to 
the  North  Pole  !  He  made  the  coast  of  Greenland  in  latitude 
about  69°.  Ice  lay  in  with  the  shore,  but  he  worked  his  little 
craft  to  the  northward  to  latitude  73°,  and  to  the  land  then  seen 
he  gave  the  name  of  "  Hold  with  Hope,"  As  he  found  he  could 
not  proceed  along  the  Greenland  coast  by  reason  of  the  ice,  he 
stood  across  to  Spitzbeigen  to  77°  N.,  where  he  saw  the  coast  and 
the  ice  lying  thick  upon  it.  With  much  difficulty  he  got  round  on 
the  north  coast  and  was  doubtless  within  sight  of  Seven  Islands ; 
but  after  many  ineffectual  and  gallant  efforts  to  get  North,  and 
being  in  want  of  many  necessaries,  he  was  obliged  lo  bear  up  for 
England,  where  he  arrived  on  the  15th  September.  This  expedi- 
tion, though  small,  was  one  of  considerable  importance,  as  it 
made  us  acquainted  with  the  north  and  north-west  parts  of  Spitz- 
bcrgen,  Hudson  was  the  first  who  observed  with  the  dipping 
needle. 

I  cannot  help  digressing  again  to  say  that  when  1  read  the 
accounts  of  these  ancient  mariners,  1  fear  that  their  exertions  far 
exceeded  those  of  modern  date.  When  you  come  to  consider 
for  an  instant  what  this  man  did— how,  in  that  little  cockleshell 
of  a  boat,  he  ventured  away  to  the  North— and  also  remember 
what  kind  of  provisions  and  clothing  and  things  he  must  have  had 
—and  remember  that  he  started  away  with  ten  men  and  a  boy  to 
go  to  the  North  Pole, — it  tells  me  forcibly  that  we  cannot  do  bet- 
ter than  our  forefathers,  and  that  it  is  enough  to  make  any  intelli- 
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genl  educated  seaman  of  the  present  day  raise  his  hat  from  his 
head  at  the  bare  mention  of  their  names. 

Keeping  lo  the  East  Greenland  route,  we  come  to  the  two 
German  expeditious  of  1868  and  1869  ;  and  although  the  means 
by  which  these  gallant  Germans  sought  to  reach  the  Pole  were 
ludicrously  small,  it  is  a  proof  of  the  spirit  which  animated  the 
promoters  of  the  undertaking.  At  the  same  time  it  is  a  proof  of 
their  ignorance  in  sending  expeditions  totally  inadequate  for  what 
they  were  expected  to  accomplish  ;  thus  courting  failure,  although 
they  deserved  better  success  than  attended  them.  The  first 
expedition,  under  Captain  Koldeway,  consisted  of  a  vessel  of  the 
same  size  as  its  predecessor  on  that  route, Sotons — the  Germania 
—and  the  same  number  of  men ;  and,  strange  to  say,  they  did 
much  the  same  as  Hudson  did,  and  returned  to  Bergen  without 
having  accomplished  much. 

Nothing  daunted  by  the  non-success  of  the  voyage,  great 
exertions  were  made  to  get  a  second  and  more  efficient  expedi- 
tion afloat,  and  with  success.  It  consisted  of  a  small  steam 
vessel  of  143  tons,  strengthened  and  renamed  the  Germania 
whilst  the  Germania  of  the  previous  voyage  was  re-named  the 
Hansa.  Captain  Koldeway  again  commanded,  having  a  brave 
and  active  second  in  Captain  Hagemann  in  the  Hansa.  They 
left  Bremerhaven  on  the  tsth  June,  1869,  and  made  Jan  Mayen, 
then  for  the  edge  of  the  ice  off  the  Greenland  coast  in  latitude 
74^°.  Here  they  experienced  dense  fogs,  in  one  of  which,  owing 
to  a  mistake  in  a  signal,  they  parted  company,  never  to  meet  again. 
The  Hansa  soon  got  hemmed  in  by  ice,  and  was  lifted  seventeen 
feet  by  the  bow.  In  such  a  position  the  probability  of  the  vessel 
brealcing-up  was  so  imminent  that  she  had  to  be  abandoned  for  a 
house  built  of  stones,  coal,  and  snow  on  the  floe,  and  shortly  after 
this  was  accomplished  the  Hansa  slipped  off  and  went  down. 
After  a  winter  of  incredible  suffering,  during  which  they  were  set 
down  along  the  Greenland  coaai,  they  quitted  their  icy  prison  in  the 
boats,  and  safely  rounding  Cape  Farewell,  reached  Fredericksthal, 
from  whence  they  were  transferred  to  their  native  country.  The 
Germania  was  more  fortunate  than  her  consort.  She  got  to  a 
harbour  from  whence  sledge  journeys  were  made  in  various  direc- 


ARCTIC  DISCOVERY. 

tions.  A  magnificent  fiord  was  explored  in  latitude  73°.  which 
was  named  "  Kaiser  Franz  Joseph."  The  Germania  got  clear  of 
the  Greenland  coast  on  the  17th  August,  J870,  and  reached  ] 
merhaven  on  the  nth  of  the  following  month. 

Spitsbergen  Routt. — In  1773  two  bomb  vessels,  the  Racehorse  and 
Carcase,  selected  for  their  great  strength  and  capacity  for  stowage, 
were  fitted  up  to  go  to  the  Pole  by  the  Spitzbergen  route,  tinder  the 
command  of  the  Hon.  Captain  Phjpps,  afterwards  Lord  Mulgra 
They  reached  Spitzbergen,  proceeding  along  the  west  shore,  and, 
after  much  exertion,  reached  lat.  80°  36'  N,,  and  returned  safely 
to  England.  It  may  be  worthy  of  mention  that  a  lad  sensed  in 
this  expedition  who  was  destined  to  become  a  great  hero,  and  rise  to 
the  highest  honour  in  the  service  to  which  he  belonged.  This 
was  Nelson. 

The  Dorothea  and  Trent,  Captains  Buchan  and  Lieut.  Com- 
manding John  Franklin  left  England  in  May  181S,  and  reached 
Spitsbergen  on  the  7th  June.  With  all  their  exertions  they  only 
reached  lat.  80°  34'  and  after  being  nearly  wrecked  in  a  heavy 
gale,  in  which  their  ships  received  such  damage  as  to  prevent 
their  attempting  to  take  the  ice  again,  they  returned  to  England. 

Parry's  roya^e. —AUer  four  voyages  to  the  Polar  regions,  in 
attempting  to  make  the  North-west  Passage,  Captain  Parry  was 
willing  to  enter  on  yet  another  voyage  to  attempt  to  reach  the 
Pole  by  the  Spilrbergen  route;  and  as  it  was  considered  imprac- 
ticable to  effect  it  with  ships,  it  was  proposed  10  try  to  do  so  by 
means  of  sledge  boats,  to  be  drawn  over  the  ice,  and  sailed  or 
rowed  through  the  «'aler,  as  opporHinily  offered.  The  Hecla 
was  the  vessel  employed  on  this  occision,  and  early  in  1837 
she  left  England  and  reached  Spitzbergen  in  June,  when  they 
started  in  two  boats,  Captain  Parry  commanding  one,  and 
Lieutenant  J,  Clark  Ross  the  other,  taking  with  them  seventy-one 
days'  provisions. 

At  first  the  prospect  to  the  northward  was  favourable,  and 
they  experienced  no  difficulty  until  they  reached  lat.  Si°  13', 
when  they  were  stopped  by  close  ice,  and  they  commenced 
travelling  over  it,  To  avoid  the  intense  glare  of  the  sun  from  the 
snow  during   the  day,   when   the  sun's  altitude  was  high,  and 
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which  produced  snow  blindness,  they  travelled  by  night  and  slept 
by  day.  Instead  of  finding  the  ice  smooth,  as  they  expected, 
it  was  rough,  ragged,  and  loose,  and  their  work  was  extremely 
laborious.  On  the  30th  June  they  found  that  they  had  inade  only 
eight  miles  of  northing  in  five  days.  On  the  1 2th  July  they  were 
in  lat  82'  14' ;  the  next  day  82^  17' ;  such  was  the  slow  progress 
made  owing  to  the  continued  set  to  ihe  southward.  On  the  lotb 
they  found  they  had  only  made  five  miles  since  the  17th.  The  men 
worked  cheerfully,  as  they  knew  that  a  reward  of  ;£i,ooo  was  to 
be  gained  on  reaching  the  83rd  degree,  and  as  they  were  kept  in 
ignorance  of  the  southerly  set,  the  poor  fellows  could  not  well  under- 
stand why  they  did  not  reach  the  goal.  At  midnight  on  the  zind 
they  reached  the  highest  point  that  before  or  since  has  ever  been 
reached— Si^  45',  and  then  finding  they  were  daily  losing  ground 
instead  of  gaining,  they  were  reluctantly  obliged  to  give  it  up  and 
return  to  their  ship,  reaching  her  after  an  absence  of  61  days. 

There  is  one  man  still  living  who  seri'ed  in  that  expedition. 
He  was  a  midshipman  in  Koss's  boat,  and  is  now  the  present 
Admiral  Bird.  Not  only  is  he  the  only  man  living  who  has 
been  so  far  north,  but  he  has  also  been  the  farthest  south  ;  so  that, 
in  that  Te>ipect,  he  stands  alone  in  the  world.  And  I  cannot  pass 
over  Parry's  voyage,  without  saying  a  word  about  Parry  himself. 
A  more  genial,  Christian  seaman  never  existed.  I  have  been 
much  mixed  with  the  Arctic  men  during  my  lifetime,  and  I  never 
heard  one  word  disparaging  of  the  late  Sir  Edward  Parry.  He 
was  a  genial  man  in  his  temper ;  he  knew  how  to  handle  men ; 
and  he  carried  them  with  him  wherever  he  went.  I  may  just 
tell  you  one  little  anecdote,  which  I  heard  the  late  Captain 
Ross  himself  tell.  It  appears  when  they  were  away  on  this 
Expedition,  there  was,  of  course,  the  usual  allowance  of  tobacco 
served  out  every  day.  I  dare  say  many  of  you  know  what 
"  pigtail "  means,  and  it  was  measured  out  by  inches.  Parry 
always  had  his  measured  out  the  same  as  the  men,  though 
he  did  not  use  it.  But  when  they  had  an  extra  hard  day's  work, 
out  came  Parry's  tobacco,  and  it  was  served  out  for  an  extra 
pipe  all  round.  It  may  appear  puerile  and  ridiculous  for 
me  to  narrate  such  an  anecdote,   but   I   can   lell  you  that  it 
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had  this  effect— that  these  men  would  have  gone  to  a  much  hotter 
place  than  the  North  Pole  if  he  had  wanted  them.  On  the  wall 
are  some  blue  papers,  which  are  nothing  more  or  less  than 
some  of  the  play  bills  connected  with  the  Expedition  that  went 
out  in  search  of  Franklin,  and  were  printed  out  there.  At  the 
bottom  of  one  of  them  the  "  Printers  Devil "  has  made  a  note 
that  the  freezing  of  the  ink  stopped  the  printing,  and  they 
were  obliged  to  give  it  up;  but  they  are  interesting  mementoes  of 
this  expedition.  The  httle  flag  lying  on  the  table  is  one  of  those 
that  was  used  on  one  of  the  sledges  ;  and  I  am  happy  to  say  the 
*  commander  of  that  sledge,  which  carried  that  flag  is  still  living, 
present  in  this  room,  and  in  gootl  health. 

Since  Parry's  voyage  a  number  have  been  made  in  the  same 
direction,  but  none  of  them  reached  within  a  degree  of  Parry. 
The  Swedes  and  Norwegians  have  done  good  service  here ; 
also  our  own  countrymen,  Mr.  Lament  and  Leigh  Smith,  In 
1871  Lieuts.  Payer  and  We)^recht,  in  a  small  vessel  of  seventy 
tons,  with  a  crew  of  eight  men,  attempted  to  reach  Gilliesland 
by  following,  what  is  considered  to  be,  the  course  of  the  Gulf 
Stream,  hoping  to  find  a  passage  clear  of  ice.  They  reached 
lal.  78°  41'  N.,  and  found  a  gradually  decreasing  depth  of  water, 
and  from  numerous  bear  tracks  on  the  ice  they  suppused  that 
land  was  not  far  off.  Any  argument  to  the  effect  that  the  Pole  is 
not  lo  be  approached  in  that  direction,  from  the  failure  of  all  these 
vessels,  is  not  sound  ;  and  until  such  an  expedition  as  is  now  on 
its  way  to  the  North  Pole  is  turned  back  in  this  direction,  I  will 
believe  it  is  practicable, 

Austrian  ExpeditioH. — The  fact  that  Austria  had  never  entered 
the  list  of  Polar  discovery  renders  the  expedition  of  the  Tegethuff 
remarkable  in  one  sense,  and  the  difference  in  the  mode  of 
proceeding  renders  it  equally  remarkable  in  another  ;  fur  whilst  the 
navigators  of  all  others  did  their  utmost  lo  take  their  ships  to  their 
discoveries,  that  of  the  Austriaiis  took  her  navigators  to  theirs. 
The  Tegethoff,  a  screw  steamer  of  120  tons,  commanded  by  Capt. 
Weyprecht,  left  Bremerhaven  on  the  13th  June,  1872.  Weyprecht 
was  accompanied  by  Lieut.  Payer,  who  had  served  in  the  German 
expedition  on  the  East  Greenland  coast.     The  Tegethoff  got  to 


3i6  ARCTIC  DISCOVERY. 

Nova  Zembla,  and  on  the  iist  August,  the  ice  appearing  broken, 
they  tried  their  luck,  but  got  encompassed  with  ice  the  same 
night,  were  frozen  up,  and  remained  so  for  two  long  and 
cheerless  years.  The  account  of  this  voyage  is  most  interesting. 
Many  a  lime  were  tfcey  called,  in  the  midst  of  the  long 
Polar  night  of  109  days,  to  save  themselves,  when  by  pressure 
of  the  ice  they  thought  their  ship  must  founder,  and  this 
with  a  minimum  temperature  of  51  degrees,  or  83  degrees  below 
the  freezing  point.  The  ice  first  bore  them  to  the  north-east  and 
then  to  the  north-west.  On  the  last  day  of  August  they  were 
surprised  by  the  sudden  appearance  of  mountainous  land  about 
fourteen  miles  to  the  north.  Payer  says :  "  At  that  moment 
all  our  past  anxieties  were  forgotten ;  impulsively  we  hastened 
towards  the  land,  fuUy  aware  that  we  should  not  be  able  to 
get  further  than  the  edge  of  our  floe.  For  months  we  were 
doomed  to  suffer  the  torments  of  Tantalus.  Close  to  us,  and  in 
fact  almost  within  reach,  was  a  new  Polar  land,  rich  with  the 
promise  of  discoveries,  and  yet  drifting  as  we  were  at  the  mercy  of 
the  winds,  and  surrounded  by  open  fissures,  we  were  unable  to  get 
any  nearer  to  it."  At  tlie  end  of  October  the  ship  was  borne 
within  three  miles  of  one  of  the  islands,  and  making  their  way 
over  the  hummocky  ice,  they  reached  the  land  in  latitude  79°  54'. 

The  joy  of  having  discovered  new  land  buoyed  them  up 
through  the  second  long  and  dreary  ivinterj  and  on  the  loth 
March  last  year,  Payer  started  on  their  first  sledge  expedition,  but 
the  cold  was  intense  ;  on  one  occasion  it  reached  to  5S'  (go  degrees 
of  frost),  and  they  suffered  much.  On  a  second  expedition  they 
were  enabled  to  map  the  country,  and  on  the  25th  March  they 
reached  latitude  81°  57',  their  highest  point.  A  third  sledge 
journey  was  made,  and  then,  having  nailed  the  colours  of  their 
country  to  the  mast  of  their  ship,  they  abandoned  her,  and 
proceeded  south  with  their  boats  on  sledges  ;  and  after  innu- 
merable difficulties,  and  with  incessant  labour,  they  reached  Nova 
Zembla,  from  whence  a  Russian  vessel  conveyed  them  to  Norway. 

Smith  Sound  Route. — Although  Dr.  Kane's  voyage  in  the  httle 
brig  Advance,  in  1853,  was  not  one  made  with  the  object  of 
reaching  the  Pole,  but  was  literally  one  in  search  of  Franklin,  it 
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may  be  mentioned  in  connection  with  one  fact  bearing  on  the 
progress  and  prospects  of  the  present  expedition,  viz,,  the  alleged 
discovery  of  an  open  Polar  Sea.  Dr.  Kane  himself  made  no  such 
discovery,  but  he  sent  his  steward,  a  man  named  Morton,  who 
from  a  cliff  in  latitude  81°  21'  said  he  saw  an  open  Polar  Sea, 
with  an  iccless  horizon,  and  a  heavy  swell  rolling  in.  Now  I  can 
only  sum  up  this  important  discovery  in  the  very  words  I  did 
many  years  ago  at  the  Royal  Geographical  Society — "  Morton 
was  ordered  to  discover  an  open  Polar  Sea,  and  he  obeyed  his 
orders,"  If  he  saw  water  at  alt,  it  was  but  a  channel  opened  by 
the  current  in  the  height  of  summer. 

Br.  Isaac  J.  Hayes,  in  a  schooner  of  133  tons,  on  reaching 
Smith  Sound,  made  every  effort  to  get  over  on  the  west  shore, 
but  pack  ice  obstructed  him.  He  succeeded  in  getting  into  a 
snug  harbour  in  latitude  78°  17',  where  he  wintered  ;  and  the  next 
spring  he  made  his  way  by  sledge  to  the  west  shore.  Such  were 
the  difficulties  he  encountered  that  he  was  31  days  in  getting 
a  distance  of  81  miles.  He  got  as  far  as  the  80°,  when  his  men 
broke  down.  He,  however,  pressed  on,  and  finally  reached  a 
latitude  of  81°  35',  from  whence  he  had  the  gratification  of  having 
the  open  Polar  Sea  before  him.  Dr.  Hayes  was  justly  proud  of 
his  discovery,  and  of  having  reached  the  most  northern  land  the 
foot  of  civilised  man  had  then  ever  trod.  Dr.  Hayes  succeeded  in 
regaining  his  vessel  after  an  absence  of  61  days  ;  and  on  the  nth 
July,  1861,  left  his  harbour  and  returned  to  the  United  States. 

Voyage  of  the  Polaris. — Captain  Hall,  a  citizen  of  the  United 
Stales,  who  had  spent  many  years  in  the  Arctic  regions  in  search 
of  Sir  John  Franklin,  and  who  in  1869  had  just  returned  from  a 
five  years'  residence  in  the  north,  living  with  the  Esquimaux,  soon 
agitated  for  another  expedition  ;  and  after  much  trouble  a  river 
gimboat  of  387  tons  was  allotted  to  him  by  the  Navy  Department 
of  the  United  Stales,  and  christened,  or  rather  rc-christened,  the 
Polaris,  As  Hall  was  no  seaman,  and  was  even  ignorant  of  nau- 
tical astronomy,  a  whaling  captain — Buddington — was  appointed 
to  accompany  him  ;  and  Dr.  Bessels,  who  had  served  in  one  of  the 
German  arctic  expeditions,  accompanied  him  as  naturalist  and 
surgeon. 


3«  ARCTIC  DISCOVERY. 

Hall  was  to  follow  in  the  steps  of  Kane  and  Hayes.  He  sailed 
in  1871,  completing  provisions  for  two  and  a  half  years,  at  Disco; 
left  the  most  northern  Danish  settlement  in  August,  pushed  up 
Smith  Sound  and  was  most  successful.  He  took  the  Polaris  250 
miles  up  the  strait,  and  reached  a  higher  latitude  than  had  ever 
before  been  attained  by  any  jA/)*,  and  within  30  miles  of  Pany's 
farthest;  the  latitude  he  attained  being  8 a°  16'.  I  beg  you  to 
notice  that  I  have  three  times  used  the  word  "  farthest,"  but  each 
time  with  a  different  meaning.  Parry  reached  the  farthest  north 
latitude  that  ever  man  reached  in  a  boat ;  Hall  reached  the 
farthest  latitude  upon  the  solid  earth ;  and  the  Polaris  reached  the 
highest  latitude  that  ever  a  ship  attained.  You  see  there  are  three 
farthests,  but  all  different. 

At  this  extreme  latitude  Hall's  vessel  was  beset,  but  a  powerfiil 
vessel  might  have  forced  her  way  through  the  ice  then  seen ; 
moreover  a  deep  water  horizon  was  seen  to  the  north-east,  provipg 
that  had  it  not  been  for  the  weak  steam  power  of  the  vessel  she 
might  have  proceeded  much  further — so  nearly  were  our  Polar 
honours  of  getting  furthest  north,  wrested  from  us.  The  extreme 
northern  point  was  reached  by  the  Polaris  on  the  24th  August,  and. 
strange  to  say,  this  high  latitude  was  reached  without  any  check 
or  obstacle  of  any  kind. 

The  winter  quarters  were  in  Thank  God  Bay,  in  latitude  81° 
38',  which  the  Polaris  reached  on  the  5  th  September.  Three  weeks 
after  getting  into  this  harbour.  Captain  Hall  started  with  a  party 
overland,  but  he  did  not  get  farther  than  82°.  On  his  return  be 
was  taken  ill,  became  pardally  paralysed,  and  died  on  the  8th 
November,  leaving  to  others  the  honours  so  justly  his  due. 

The  year  the  Polaris  reached  so  high  a  latitude  must  have  been 
an  unusually  mild  one,  for  at  Thank  God  Harbour  the  ground 
was  free  from  snow,  a  creeping  herbage  covered  the  ground 
on  which  numerous  herds  of  musk  ojten  found  pasture, 
and  rabbits  and  lemmings  abounded.  Wild  flowers  were  brilliant, 
and  large  flocks  of  birds  passed  northwards,  while  traces  of 
Esquimaux  were  found. 

On  the  death  of  Captain  Hall  the  direction  of  the  expedition 
devolved  on  Captain  Buddington,  who  seems  to  have  had  no 
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spirit  for  the  enterprise  from  the  beginning,  and  he  resolved  to 
prosecute  the  voyage  no  further,  but  to  return  as  quickly  as  pos- 
sible. He  did  not  even  form  sledge  parties  in  the  spring,  which 
might  greatly  have  added  to  the  interest  of  the  voyage.  On  the 
mh  August,  1872,  the  Polaris  was  again  free.  When  she  got  as 
far  south  as  So°  she  was  beset  with  ice,  and  drifted  out  through 
Smith  Sound  into  Baffin  Bay.  In  latitude  771°  the  ship  was  so 
severely  nipped,  that  provisions  and  boats  were  got  out  on  the 
ice  ready  for  deserting  her ;  but  suddenly  the  ice  broke  up  and  the 
ship  flew  off  before  a  gale  of  wind,  leaving  nineteen  men,  n-omen, 
and  children  00  the  floe,  with  the  boats  and  provisions.  The 
Polaris  was  found  to  have  sprung  a  leak,  and  the  water  was 
rising  in  the  hold  to  such  an  extent  that  Captain  Buddington  ran 
his  ship  on  shore  near  Lyttletoo  Island.  Here  they  wintered. 
and  having  built  boats  from  the  timber  and  planking  of  the  ship, 
they  all  embarked  on  3rd  June,  1873,  and  were  picked  up  by  an 
English  whaler  off  Cape  York,  The  unfortunates  who  were  left 
on  the  floe  drifted  down  Baffin  Bay,  and  were  eventually  picked 
up  in  latitude  53!°,  near  Wolf  Island. 

Of  the  crew  that  accompanied  poor  Hall  only  about  nine 
were  native-bom  Americans.  The  expedition  seems  to  have 
been  badly  organised,  and  there  was  a  want  of  discipline  and 
order  in  the  whole  conduct  of  the  voyage,  which  proves  that 
those  who  embark  in  such  undertakings  require  to  be  under  good 
law  and  discipline.  The  great  success  that  attended  the  Polaris 
voyage  was  not  attributable  in  tlie  least  to  order ;  but  the  non- 
following  up  of  that  success  may  be  fully  attributed  to  a  want  of 
it.  Permit  me  to  pay  a  tribute  to  Dr.  Besscls,  a  German,  who 
showed  himself  throughout  the  voyage  to  be  a  man  of  pluck  and 
spirit  and  a  truly  scientific  observer.  I  fear  if  the  whole  crew 
of  the  Polaris  had  been  animated  by  the  same  spirit  as  Dr. 
Bessels,  we  should  have  no  need  of  sending  our  own  expedition 
to  reach  the  North  Pole. 


THE  PRESENT  ARCTIC   EXPE&ITIOV. 

As  is  now  well  known,  the  two  ships  selected  for  Arctic  service 
were  the  Alert,  one  of  Her  Majesty's  ships,  of  between  seven  and 
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eight  hundred  tons,  and  the  Discoi'try,  formerly  the  Bloodhound, 
a  whaler  of  nearly  six  hundred  tons,  both  vessels  having  ste&m 
power. 

Captain  George  S.  Nares,  who  recently  commanded  the 
Challenger  in  her  deep-sea  exploring  expedition,  commands  the 
expedition  in  the  larger  vessel,  and  Captain  Stephenson  is  second 
in  command. 

I  may  digress  for  one  moment^  ^ain,  to  say  a  word  with  regard 
to  Captain  Nares.  I  have  a  slight  knowledge  of  him,  and  I  am 
very  pleased  to  say,  as  far  as  my  knowledge  goes,  he  is  the  right 
man  in  the  right  place.  There  is  so  much  doubt  sometimes  in  the 
public  mind  whether  interest,  or  some  fluke  or  other,  as  con- 
nected Hith  government,  gets  a  man  a  situation,  that  I  am  pleased 
to  say,  with  regard  to  Captain  Nares,  I  do  not  think  there  is  any 
other  man  whom  they  could  have  selected.  He  was  out  in  the 
Challenger,  and  although  I  do  not  say  he  is  a  man  of  scieitfe, 
still  he  is  a  scientific  man,  and  he  has  good  social  qualities,  which 
is  also  of  great  consequence. 

A  large  number  of  astronomical  and  other  instruments  are  on 
board,  and  every  device  that  human  ingenuity  can  suggest  to  help 
them  in  their  great  work  has  been  executed,  and  nothing  that 
forethought  and  money  can  procure  is  wanting.  lu  point  of  fact, 
on  these  two  ships,  their  fittings  and  equipments  of  all  kinds,  the 
information  derived  from  a  century's  experience  of  Arctic  naviga- 
tion has  been  brought  to  bear,  and  it  is  not  mere  assertion  to 
state,  that  never  did  an  expedition  leave  our  shores  more  replete 
in  every  particular  for  the  service  intended  than  the  Alert  and 
Discovery.  To  describe  the  mode  of  strengthening  the  ships  to 
withstand  the  enormous  pressure  of  the  ice  would  be  too  technical 
for  general  understanding.  They  are  fitted  with  water-tight  com- 
partments, so  that  if  the  ship  is  stove  in  in  one  part  she  is  in  no 
danger  of  sinking.  It  is  to  be  hoped  that  in  case  of  necessity 
they  will  prove  more  useful  than  those  of  the  Vanguard  did ;  but 
it  nnis;  be  remembered  that  the  Vanguard  was  a  heavily  armoured 
iron  ship,  and  the  Alert  and  Discovery  are  wooden  ships. 

To  show  you  the  necessity  for  great  strength  in  these  ships,  I 
may  mention  that  in  the  Terror,  the  beams  along  the  deck  were 
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ai  inches  square,  and  yet  by  the  sheer  force  of  the  ice  on  the 
sides  of  the  vessel  these  beams  were  forced  up.  A  short  lirae 
ago  1  was  speaking  to  Sir  George  Back  about  it ;  and  be  said, 
"  I  perfectly  remember  it  myself.  1  was  reading  prayers  to  the 
company,  and  I  felt  myself  lifted  by  the  feet."  You  all  know 
the  force  required  even  on  a  match,  to  break  it  end  on  ;  and  you 
may  imagine  what  strength  is  required  in  a  ship  to  withstand  such 
a-pressure  as  that.  I  may  say  that  the  first  week  it  was  known 
that  an  expedition  would  go,  letters  came  into  the  Admiralty  from 
338  officers  wishing  to  go  ;  and  I  believe  myself,  if  ail  the  volun- 
teers had  been  taken,  you  would  not  have  had  one  left  at  home 
to  take  care  of  the  coast.  The  men  were  not  taken  hap-hazard, 
but  every  man  was  selected  not  merely  for  his  physical  strength — 
though  all,  both  ofhcers  and  men,  had  to  undergo  a  severe  medi- 
cal examination  ;  but  they  were  examined  for  their  social  qualities. 
I  jras  told,  though  I  cannot  vouch  for  the  truth  of  it,  that  one 
was  asked  the  question — "  What  can  you  do  to  amuse  the  ship's 
company  !  "  He  said  he  did  not  know.  They  asked  him,  "  Can 
you  play  the  fiddle  ?  "  No ;  he  could  not  play  the  hddle.  "  Can 
you  play  the  Jew's  harp?"  No;  he  could  not  play  that;  he 
could  not  play  anything.  "  Well,  what  can  you  do  ?  "  "  Well," 
he  said,  "  I  can  play  the  fool  a  little  now  and  then ;"  and  so  he 
was  shipped  at  once ;  and  1  hope  he  has  been  playing  the  fool 
occasionally  to  amuse  the  ship's  company. 

The  screws  are  fitted  in  a  way  to  admit  of  their  being  readily 
detached  and  raised  out  of  the  way  of  damage  from  the  ice,  while 
the  screw  shafts  can  be  drawn  in. 

Both  vessels  carry  an  unusual  number  of  boats,  all  being  con- 
structed in  a  peculiar  manner  to  meet  the  contingencies  to  which 
they  will  be  exposed.  They  are  also  furnished  with  collapsable 
boats. 

Next  in  importance  to  the  ships  and  the  boats,  as  a  means 
of  effecting  the  objects  of  the  expedition,  are  the  sledges,  and 
here,  fortunately,  the  expedition  has  the  advantage  of  the  ex- 
perience of  Sit  Leopold  M'CIinlock,  who  may  be  considered  to 
have  brought  sledge  travelling  to  perfection  in  the  numerous 
Arctic  expeditions  to  which  he  has  been  attached. 
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diDal  ban,  wppofwd  bf  cotoHiits  mae^  oa  tfae  ntmicn;  BDd, 
{i)  Crow  ban  on  the  tofi,  keeping  the  naneis  apoit  and  parafcil. 
These  CTOM-tnn,  with  a  piece  of  taavai  aretefacd  tn 
a  knd  of  nddii^  n  the  plsifivm  od  which  d>e  teal, 
■KJ  an  Ae  imfidimunla  of  trtrrffa^  are  canied. 

No  scnews  or  naib  are  osed  in  the  coistnictiOB, 
thoae  tccMring  die  ctee]  nmoeis  to  the  wood— aO  the  otiber  parts 
being  tnkal  widi  htdc,  (trips  of  wliidi,  soaked  in  hot  water,  are 
nwd  for  bwhiDg  the  vaiioos  parts  togetber.  In  drjing,  the  hide 
coatracts  and  forms  a  sOonger  secnhty  than  oails  or  soews 
cookL     Naib  and  soews  would  break  bj  the  eztraoe  cokL 

Of  these  sledges  no  fewer  than  between  ihiity  and  forty  are 
supplied  to  the  ships,  varying  in  siw  &om  ibat  adapted  for 
iwelve  men  to  those  suited  to  five  ;  aod  also  dog-sledges. 

In  dragging  the  sledges,  the  men  wear  a  canvas  belt  over  one 
shoulder  and  under  the  other  arm,  according  lo  which  ddc 
they  are  on.  At  the  end  of  the  belt  is  a  button  which,  bj  a 
single  turn  of  the  lanyard  round  the  tow-rope,  at  the  turk's-head 
worked  on  it,  remains  quite  secure  as  long  as  there  is  a  strain 
on  it,  but  the  moment  it  is  slackened  it  disengages.  This  keeps 
the  men  up  to  the  maik  in  pulling  their  quota,  and  prevents  ac- 
cidents in  case  of  the  sledge  breaking  through  the  ice. 

The  starting  load  of  an  eight-man  sledge  is  calculated  at 
1646  lb.,  or  about  three  quarters  of  a  ton  ;  this  gives  an  average 
of  about  I  cwt.  to  each  man,  which  weight  is  considered  the  maxi- 
mum  for  trained  men. 

Next  in  importance  to  the  sledges  are  the  tents.  These  are 
of  three  different  sizes,  to  accommodate  twelve,  eight,  or  five,  men. 
They  are  made  of  unbleached  duck.  The  eight-man  tent  is  nine 
and  a  half  feet  long,  seven  feet  wide,  and  the  same  high  ;  wei^t 
30  lb.  ;  the  others  proportionately  larger  or  smaller.  The  ends 
of  the  tents  are  spread  by  two  poles  crossijil  at  the  top,  each  pole 
end  fitting  into  a  canvas  cap  titted  to  the  tent  for  the  purpose. 
The  tent  is  secured  in  an  upright  position  by  a  ridge-rope  and 
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stays,  the  latter  at  one  end  secured  to  the  sledge  placed  trans- 
versely to  the  tent,  and  the  other  to  some  of  the  heavy  gear,  or 
to  a  lump  of  ice  ;  two  spans,  set  up  to  pegs,  keep  the  side«  dis- 
tended, and  two  half  hoops  at  the  top  help  to  make  the  tent 
more  roomy  by  spreading  the  upper  angle.  A  foot-cloth  about 
a  foot  wide  is  attached  to  the  lower  edge  of  the  tent,  on  which 
the  snow  is  shovelled  to  keep  the  tent  steady,  and  also  to  keep 
the  wind  out.  Three  or  four  small  tubes  of  canvas  serve  the 
purpose  of  ventilators. 

There  is  a  flap  or  window  at  the  inner  end  of  the  teat,  that 
can  be  opened  or  shut  at  pleasure  from  within.  The  tent  fur- 
niture consists  of  a  macintosh  sheet,  which  is  spread  over  the 
ground.  This  is  covered  with  a  duck  floor-cloth,  on  which  the 
duflle  blanket  is  placed,  which  serves  as  a  bed  for  the  whole 
party.  Then  each  man  has  bis  dutHe  steeping-bag,  with  his 
knapsack  for  a  pillow ;  a  large  double  duflle  counterpane  cavers 
the  whole  family.  The  sleeping  bag  is  so  arranged  that  a  man 
can  either  sit  up  in  it  and  take  his  meals,  or  almost  hermetically 
close  himself  within  it.  In  very  cold  weather  a  blanket  foot-bag 
is  added  to  his  other  luxuries ;  but  when  the  cold  becomes  very 
extreme,  especially  when  accompanied  with  wind,  a  tent  becomes 
tmtenable,  and  recourse  is  had  to  building  a  snow  hut,  after  the 
manner  of  the  Esquimaux. 

The  cooking  apparatus  is  circular,  made  of  tin.  with  wooden 
covers,  the  heating  material  being  spirits  of  stearine  used  with 
a  cotton  wick.  By  an  arrangement  of  the  saucepans  two  or  three 
articles  can  be  cooked  at  the  same  time,  the  whole  being  pro- 
tected from  the  weather  by  an  outside  coat  made  of  fear  nought. 

Everything  is  arranged  for  sledge  travelling  in  a  most  metho- 
dical manner,  and  although  each  man's  appetite  cannot  well  be 
measured,  that  which  is  intended  to  stay — if  not  to  satisfy  it— is, 
and  that  lo  a  great  nicety.  Each  man's  wardrobe  is  also  ar- 
ranged for  him,  beyond  which  he  dare  not  take  the  weight  of 
an  ounce.  All  is  slowed  ou  the  sledge  in  such  a  way  that 
each  article  can  be  readily  found  at  a  moment's  notice.  The 
tent-poles,  pickaxe,  shovel,  etc.,  are  kept  outside,  as  is  also 
the  cooking  stove  on  the  netting  at  the  extremity  of  the  sledge 
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Whilst  on  the  subject  of  the  travelling  equipages,  it  may  not  be 
out  of  place  to  speak  of  the  travelling  iiseif,  and  this  differs  much 
with  the  season  both  in  point  of  speed  and  comfort  in  travelling, 
for  as  in  spring  time  the  road  is  good,  the  extremely  low  tem- 
perature at  that  period  of  the  year  makes  it  uncomfortable,  and 
each  man  has  to  keep  a  sharp  look  out  for  his  neighbour's  nose,  as 
one  is  quite  unconscious  himself  of  the  terrible  frost-bite,  altbou^ 
it  is  easily  detected  by  another ;  and  at  times  you  are  literally 
dependent  on  your  fellow-worker  for  the  safety  of  your  organ  of 
smelling.  The  dress  at  this  time  is  of  the  wannest  of  woollen 
garments,  not  furs,  beyond  the  seal-skin  cap,  and  the  whole 
covered  with  a  suit  of  duck,  as  being  most  impervious  to 
the  blinding,  penetrating  snow  dust,  which,  if  it  gets  into  the 
cloth,  soon  makes  it  like  boards. 

The  travelling  in  summer,  say  July,  when  from  the  heat  of  the 
midsummer  sun  the  thaw  has  set  in,  is  perhaps,  more  uncomfort- 
able than  spring  travelling ;  for  although  the  men  have  doffed 
the  very  heavy  clothing  and  taken  to  the  more  civilised  suit  of 
the  temperate  zone,  they  have  to  wade  through  sludge  and  just 
melted  ice  without  ceriainty  of  footing,  and  often  stumbling  and 
slipping,  and  with  no  prospect  of  drying  iheir  clothes  when  the 
day's  work  is  done ;  so  that  of  the  two,  the  more  severe  cold  of 
April  travelling  is  preferable. 

We  will  take  an  ordinary  day's  travelling  without  the  extremes, 
for  an  example,  the  "  hurrahs  "  and  "  God  speeds  "  of  parting 
from  our  shipmates  being  the  memory  of  a  week,  with  the  men 
well  settled  into  their  harness  and  daily  work.  Afier  an  early 
breakfast  of  chocolate  and  a  little  meat  and  biscuit,  everything  is 
packed  for  the  day's  journey  ;  the  men  lake  their  places  at  the 
drag-rope  and  away  they  go,  considerably  refreshed  in  one  way 
from  their  night's  rest,  but  so  cold,  that  their  fingers— notwith- 
sranding  the  warm  mitts — may  be  said  to  be  "all  thumbs."  Bat 
the  exercise  of  an  hour's  hard  work  restores  circublion,  and  I 
suppose  the  next  three  or  four  hours  may  be  considered  the  most 
comfortable  period  of  the  Iwenty-foiir,  as  the  cravings  of  hunger 
have  not  set  in,  and  the  feeling  of  fatigue  has  not  corae  over 
them,  so  they  trudge  along   cheerily,   and  even  merrily.    The 
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er  generally  forms  Ihe  advance  guard,  not  only  to  give  the 
line  of  direction,  but  also  to  select  the  smoothest  road  for  the 
sledge— a  strict  attention  to  these  duties  greatly  assisting  the 
labour  of  the  men.  Occasionally  he  drops  alongside  his  men 
for  companionship,  with  a  kind  word  to  one  and  a  joke  to 
snother,  and  stimulating  exertion  in  all,  to  attain  some  object  or 
some  goal  he  has  fixed  on  to  reach  that  evening,  or  even  giving 
iviUing  relief  at  the  drag-rope  to  some  poor  fellow  who  is  more 
than  ordinarily  done  uj? ;  and  so  the  day  goes  on.  The  period 
and  length  of  the  midday  halt  depends  generally  on  circumstances 
I  and  the  necei-sities  of  the  men  themselves  ;  they  then  lay  into  the 
[  rope  again,  and  the  last  half  of  the  day  becomes  more  laborious 
than  the  first.  Then  comes  the  happy  time — the  halt  for  the 
night.  A  spot  is  selected  for  the  stoppage — not  on  the  earth, 
\  even  if  possible,  for  that  is  frozen,  and  gives  off  no  warmth  ;  the 
or  snow  is  preferable.  Then  unpacking  commences,  every 
1  having  his  special  duty  to  attend  to.  The  cook  for 
the  day,  and  his  male,  care  not  for  the  tent ;  the  other  men 
attend  to  that.  The  tent  is  pitched  in  a  few  minutes,  the  posi- 
tion regulated  by  the  direction  of  the  wind,  and  the  door  being 
jjways  on  the  lee  side,  The  sledge  is  placed  in  position,  the 
'  tent-man  brushes  out  the  floor  of  the  tent,  then  spreads  the 
,  macintosh,  unbends  and  kneads  out  the  duffle  bcdcloth  as  well  as 
he  can,  but  no  amount  of  kneading  will  make  it  flat ;  Ihe  stiff 
ridges  and  corners  must  await  an  hour  of  the  heating  from  the 
bodies  of  the  occupants  before  it  will  assume  anything  like  the 
flat  surface  intended.  The  sleeping  bags  are  arranged  for  the 
night,  that  for  the  officer  at  the  head,  or  inner  end  of  the  tent, 
and  that  for  the  cook  at  the  foot,  or  near  the  door,  so  as  to  be 
ready  for  preparing  the  early  morning  meal.  The  officer  probably 
takes  observations,  and  then  all— with  one  exception— lake  to 
the  sleeping  bags,  and  all  are  cold  and  sleepy  ;  the  pipe,  which 
is  a  real  luxury  in  that  cold  climate,  keeping  a  few  awake.  The 
individual  excepted  is  decidedly  the  most  important  man  of  the 
evening — the  cook.  Directly  the  sledge  stops  he  arranges  and 
trims  his  !amp  to  thaw  the  snow,  whilst  another  man  lakes  the 
frozen  pemmican  and  chops  it  up  with  the  pemmicin  axe  into 
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small  pieces,  the  splinters  flying  off  as  if  he  were  chopping  a  lump 
of  rod;.  By  the  time  he  has  chopped  up  the  allowance  for  the 
meal,  the  snow  in  the  keltle  has  thawed,  and  the  meat  is  put  in, 
tiie  cook  carefully  tending  it  until  it  is  boiling.  Then,  at  the 
s^und  of  the  dinner  bell— which  consists  of  a  string  of  pannikins 
oeing  rattled  together — all  rise  up  anii  a  pint  of  good  stout  strong 
nodge-podge,  smoking  hot,  is  handed  into  each  blanket,  which 
opens  and  falls  back  like  the  head  of  a  barouche,  whilst  the  oc- 
cupant takes  his  dinner  ;  and,  as  the  warmth  of  the  hot  condiment 
acts  on  the  system,  so  do  the  spirits  of  the  party  revive,  and  the 
cheerful  yarn  or  even  the  song  goes  round.  But  the  poor  cook 
has  yet  to  make  tea,  the  pannikins  being  scraped  out  as  well  as 
possible  to  hold  the  amber  fluid.  At  last,  tea  over,  the  cook 
arranges  his  cooking  utensils  for  the  early  breakfast,  and  then 
creeps  shivering  into  his  bag ;  the  pipes  are  lighted,  and  what 
with  the  smoke  and  the  animal  heat  of  eight  bodies,  the  blankets 
begin  to  thaw,  the  duffle  bedcloth  to  lie  flat,  and  soon  all  are 
asleep. 

Thus  we  have  given  an  idea  of  a  favourable  day's  march ; 
but  when  we  came  to  snowstorms  and  the  blinding  driving 
snowdrift — when  we  came  to  be  brought  up  several  times  in  the 
day.  and  as  often  the  sledge  has  to  be  unloaded  and  reloaded 
— or  the  sledge  falling  through  the  ice  and  everything  getting 
soaked — or  any  of  the  thousand-and-one  accidents  of  sledge 
travelling — who  can  paint  the  utter  misery  of  a  day's  travelling  ? 
When  t!ie  men,  or  some  of  them,  are  ready  to  lie  down  and 
give  up  dear  life  itself,  if  only  allowed  ;  and  it  requires  all  the 
reasoning,  nay,  firm  authority,  of  the  oflicer,  to  keep  his  men 
together. 

Great  assistance  can  be  rendered  by  the  use  of  dogs,  and  the 
advantages  of  a  good  pack  are  very  great,  especially  when  short- 
handed,  as  two  dogs  are  considered  equal  to  one  man  in  sledge- 
hauling  ;  and  instead  of  consuming  one  man's  food  they  require 
but  a  small  allowance,  and  more,  require  no  clothes  to  wear  or 
cany.  M'Clintock  sent  six  or  seven  dogs  with  six  men,  and  this 
party  worked  harmoniously  together  over  a  thousand  miles  and 
through  the  lengthened  period  of  nearly  eighty  days. 
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Dog-driving  is  oo  easy  matter,  and  many  here  who  may  drive 
tandem  or  handle  the  reins  of  a  foui-in-haod  with  consummate 
ability  would  find  themselves  all  adrift  in  the  attempt  to  drive  a 
team  of  dogs.  The  harness  consists  of  a  few  strips  of  canvas  and 
a  single  trace  about  twelve  feet  long.  The  dogs  are  harnessed 
three  abreast,  with  a  leader.  The  first  difficulty  is  to  catch  your 
dogs  and  harness  them — a  not  very  easy  job,  as  every  dog  strives 
to  do  exactly  what  you  do  not  wish  him  to  do ;  but  at  last  they 
are  all  harnessed  and  a  start  is  made,  and  away  they  go,  the  driver 
guiding  them  entirely  by  the  whip,  which  it  is  necessary  for  him 
to  handle  effectually  with  either  hand,  and  it  has  to  be  kept  con- 
tinually at  work.  As  the  dogs  at  the  sides  are  most  exposed  to 
the  whip,  they  naturally  try  to  become  the  miildle  dogs  by  jump- 
ing over  the  backs  of  their  neighbours ;  so  that  after  a  short  time 
the  traces  get  so  plaited  together  that  the  dogs  cannot  work  and  a 
halt  becomes  a  necessity,  and  at  the  risk  of  frozen  fingers  the  driver 
has  to  divest  himself  of  his  mitts  to  disentangle  the  traces  and  get 
the  team  into  order  again. 

It  is  not  an  unusual  thing  that  when  a  dog  feels  the  lash,  he 
immediately  bites  his  neighbour,  who  bites  the  next  dog,  and  so 
on,  until  there  is  a  general  fight  and  howling.  The  lash  is  then 
Qo  longer  of  any  use,  and  the  driver  is  compelled  to  restore  order 
with  the  handle  of  his  whip. 

The  moment  the  whip  ceases,  and  halt  for  the  night  takes 
place,  the  dogs  fall  asleep  and  remain  motionless ;  but  at  the  first 
sound  of  the  pemmican  axe  in  chopping  up  food,  they  start  up 
like  so  many  famished  wolves,  and  surround  the  chopper,  darting 
upon  any  sphnters  of  meat  which  fly  off.  The  dogs  are  not  fed 
until  an  hour  after  halting ;  then  their  food — usually  frozen  bear 
or  seal's  flesh — is  strewed  over  the  snow  and  trampled  into  it,  so 
that  when  the  rush  takes  place  the  weak  dogs  are  enabled  to  get 
their  fair  share  of  the  food  with  the  strong.  Everything  that  \i 
eatable  or  gnawable  is  carefully  kept  out  of  the  reach  of  the  dogs  ; 
and  woe  be  to  the  unlucky  wight  who  leaves  a  pair  of  boots 
within  their  reach. 

Some  doubts  were  entertained  whether  dogs  would  be  procur- 
able for  the  present  expedition,  owing  to  a  disease  that  has  been 
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prevalent  amongst  them,  by  which  many  have  been  cairied  off; 
and  an  Esquimaux  is  loth  to  part  with  bis  team,  as  by  his  team 
he  is  estimated,  and  an  Esquimaux,  without  dogs  becomes  a  mere 
hanger-on  to  one  who  has  ;  but  I  am  glad  to  say  that  Captain 
Nares  was  enabled  to  obtain  twenty  dogs  at  Disco,  twenty  more 
al  Ritenbenk,  and  the  remainder  of  the  sixty  he  required  he 
expected  to  obtain  at  Upemavik  or  Proven.  Moreover,  he  has 
obtained  the  services  of  two  Esquimaux  as  dog-masters. 

These  dogs  are  most  extraordinary  animals,  and  1  might  tell 
you  one  anecdote,  which  1  heard  from  Captain  Young,  of  the 
Pandora,  In  all  these  learns  of  dogs  there  is  one  that  becomes 
naturally  the  bully  of  the  rest— the  "top-sawyer,"  and  he  takes 
command  over  all  the  rest.  On  one  occasion,  they  lost  this  top- 
sawyCT,  or  bully  dog,  and  he  was  away  for  some  days.  Then  he 
came,  as  Captain  Young  said,  "  nothing  but  skin  and  bone."  It 
appeared  they  put  some  food  down  to  him  ;  but  before  he  toudied 
the  food,  he  went  round  to  every  dog,  curled  up  his  back,  and 
snarled  at  them,  as  much  as  to  say,  "  I  am  still  nasty." 

It  is  impossible  to  tell  how  far  the  expedition  will  go,  or  what 
will  befall  our  e.vplorers  ;  but  we  now  know  by  the  return  of  the 
Pandora  that  the  ships  had  safely  crossed  the  much  dreaded 
Melville  Bay— that  bite  noire  of  the  whalers,  for  it  was  said  of  old, 
and  with  some  truth,  that  if  caught  between  the  fast  ice  and  the 
moving  pack,  the  ice  would  either  pass  under  you,  over  you,  or 
through  you. 

But  steam  is  a  great  assistance  in  taking  a  ihip  through,  and  it 
has  helped  Captain  Nares  on  to  the  entrance  of  Smith  Sound, 
where,  at  Carey  Islands,  Captain  Nares  landed  and  left  his  first 
despatches,  by  burying  them  enclosed  in  a  tin  case,  and  then 
erecting  a  cairn  at  a  certain  distance  and  bearing  from  the  buried 
despatches,  according  to  an  understood  arrangement.  These 
despatches  were  found  and  brought  home  by  Captain  Allen 
Young.  Any  vessel  sent  after  ihe  expedition  will  at  once  know 
where  to  search  for  despatch  cases,  which  will  be  buried  on 
different  headlands  as  Ihe  expedition  proceeds.  Every  endeavour 
will  be  made  to  get  the  ships  over  on  the  west  side  of  the  Sound, 
and  then  they  will  work  to  get  to  the  northward. 
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1  cannot  be  so  bold  as  some  in  at  once  taking  ibe  expcditbn 
as  far  as  the  Polaris  went,  (or,  from  the  evidence  of  Kane  and 
Hayes,  the  year  the  Polaris  got  so  far  north  must  have  been 
exceptional ;  but  1  think  I  may  in  imagination  lake  them  midway 
between  the  position  the  Polaris  obtained,  and  that  at  which 
Hayes  and  Kane  were  stopped,  say  latitude  Hi"  or  8ii°.  But  it 
is  not  intended  that  both  th<i  ships  shall  go  to  the  extreme  point 
possible.  It  isarranged  that  one  shall  be  left  in  a  position  where 
there  will  be  little  danger  of  not  being  extricated,  whilst  the  other 
will  be  the  advance  ship,  and  go  as  far  as  possible.  The  advan- 
tage of  this  arrangement  is  evident ;  for  if  the  advance  ship  is  beset 
beyond  the  power  of  being  freed,  the  officers  and  crew  will  have 
the  other  ship  to  fall  back  on.  We  will  place  the  rear  ship  in 
latitude  So". 

1  would  wish  to  be  guarded  in  what  I  state  in  regard  to  the 
prc^ess  of  the  ships  up  Smith  Sound,  as  there  are  good  hydro- 
graphical  reasons  for  beheving  that  the  ice  is  more  open,  and  the 
strait  consequently  more  free  than  is  generally  supposed.  For 
instance,  a  piece  of  wood  about  a  foot  long  was  picked  up  in 
latitude  Si",  and  an  Esquimaux  stated  that  plent>'  of  wood  came 
from  the  northward,  and  is  washed  up  along  the  shore  of  Grinnel 
Land,  borne  by  the  current  from  the  coast  of  Siberia.  Then  again, 
a  distinct  tidal  wave  is  said  to  meet  at  Cape  Fraser,  on  the  west 
coast  of  Grinnel  Land  ;  that  is,  to  the  southward  of  Cape  Fraser 
the  flood  tide  makes  to  the  northward ;  and  to  the  northwanl  of 
the  Cape  it  flows  south  ;  and  at  spring  ti.ies,  or  the  full  and  change 
of  the  moon,  there  is  a  rise  and  fall  ot  5^  feet. 

These  arc  most  important  considerations ;  still,  the  ice  and  the 
narrow  straits  are  the  great  diHiculties;  and  1  believe  I  shall  be 
found  right  in  limiting,  as  1  have,  the  position  attained. 

In  speaking  of  the  different  routes,  1  have  stated  that  the  one 
this  expedition  is  pursuing  is  considered  to  be  essentially  a  sledge 
route ;  and  it  is  the  opinion  of  those  connected  with  it,  thai 
sledging  is  before  them  to  a  great  extent,  as  inOeed  the  number 
and  variety  of  the  sledges  taken  with  them,  indicate.  Now  the 
first  thing  to  be  done  when  the  ships  aa-  in  the  positions  I  have 
assigned  10  them  (or  wlierever  they  may  be)  will  be  to  open  a 
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comflnmicatwa  with  esdi  other.  The  adv&nce  ship  viD  kaov 
(be  [toaitkm  of  the  rear  ship,  and  the  reai  ship  vill  knov  somewbu 
of  the  directk>n  taken  by  ber  consort ;  and  it  is  oot  too  nmcli  to 
uy  that  that  commuiiication  ndl  be  effected  before  the  wintei 
sets  in. 

We  have  now  the  advance  ship  90  or  100  miles  from  ibe  lear 
tbip,  and  eight  and  a  half  or  nine  dt^ees— or  say  500  miles — 
from  the  Pole.  Depijts  of  provisions  will  probably  t>e  established 
lictween  the  vessels,  the  suiroimding  country  explored  in  short 
aatunm  tiips  with  the  dogs,  and  then  the)'  will  make  themselves 
comlbrtable  for  the  winter  and  speculate  on  reaching  the  Pole 
next  summer. 

With  the  appearaace  of  the  sun  the  work  will  commence.  Some 
of  the  officers  and  men  of  the  Discovery,  the  rear  ship,  will  be 
iransfcrred  to  the  -AJert,  the  advance  ship,  to  aid  in  the  great 
object  of  the  expedition.  The  sledging  parties  will  be  oi^anised, 
and  an  advance  made  towards  the  Pole. 

It  is  very  difficult  to  speculate  on  the  progress  they  will  make. 
M'Clintock,  on  his  excursions,  averaged  a  distance  of  thirteen  or 
fourteen  miles  a  liay,  whilst  Hayes,  in  Kennedy  Charmel,  averaged 
only  two  or  three  miles ;  in  the  one  case  the  ice  was  tolerably 
smooth  round  the  shores  of  the  islands  which  M'Clintock  traversed, 
whilst  the  ice  in  Keimedy  Channel  was  hummocky.  Then,  again, 
the  di»>iance  from  the  Pole,  300  miles,  is  as  the  crow  flics,  or  in  a 
straight  line,  and  as  we  know  that  the  coast  does  not  continue 
long  to  follow  a  straight  line,  and  to  go  "  across  country  "  is  not 
possible,  we  must  therefore,  in  estimating  the  distance  from  the 
Pole,  take  that  into  account,  either  by  adding  to  the  distance  or 
deducting  it  from  the  daily  average  distance  of  travelling,  and  I  do 
not  think  I  shall  be  wrong  in  estimatiug  the  daily  average  at 
seven  or  eight  miles  at  the  utmost,  or  by  nearly  doubling  the 
actual  distance.  Taking  then,  the  average  daily  advance  at  eight 
miles,  it  woidd  take  63  days  to  reach  the  Pole  from  the  advance 
ship,  and  that  time  doubled  for  the  return  would  make  126  days' 
travelling.  Now  as  no  one  sledge  could  do  this,  it  must  be 
effected  on  ihe  telescopic  principle,  and  also  on  Darwin's  principle 
of  selection  of  species.     Depots  or  stations  will  be  formed  on  ihe 
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route,  to  which  sledges  from  the  ship  will  convey  provisions  and 
return  for  more,  or  meet  and  replenish  returning  sledges,  whilst 
the  selectinn  will  go  on  with  regard  to  the  men  and  the  dogs  in 
order  lo  secure  the  "  survival  of  the  fittest "  for  the  last  draw,  or 
the  small  end  of  the  telescope,  or  that  party  which  will  push 
forward  from  the  most  advanced  depftt  to  reach  the  Pole,  whilst 
the  second  slide  will  prepare  to  go  to  the  aid  of  the  first  on  its 
return,  and  so  on  back  to  the  ship. 

It  is  a  very  easy  matter  on  paper  to  cut  and  diy  all  that  can  or 
should  be  done,  but  il  is  a  very  different  matter  lo  those  con- 
cerned. You  cannot  send  a  ship  to  the  North  Pole  by  Act  of 
Parliament ;  and  a  very  trifling  matter  may  set  aside  the  most 
elaborate  calculations.  Like  Cicsar's  "  Vent,  vidi,  7'id."  the 
instructions  might  be  resolved  into  almost  as  few  ivords— To  the 
North  Pole — by  Smith  Sound — go  ahead  ! 

Never  has  an  expedition  created  such  universal  interest,  and 
never  have  the  papers  been  more  full  of  articles,  comments, 
descriptions,  and  illustrations,  than  they  have  been  in  regard  to 
this  Arctic  expedition-  Never  have  officers  and  men  been  soffud 
and  made  much  of;  never  has  the  general  public  been  inspired 
with  such  enthusiasm  for  a  Polar  expedition.  Never  have  the 
articles  of  a  lady's  Irouneati  been  inspected  with  more  interest 
than  the  articles  of  clothing  which  the  officers  and  men  are  now 
wearing.  Their  tents  and  bedding  were  minutely  examined  by 
the  fairest  of  the  fair^nough  to  turn  the  brains  of  the  unsophis- 
ticated fell'>\vs  who  were  to  sleep  in  them.  The  cooking  utensils, 
pannikins,  and  spoons,  were  objects  of  interest ;  the  duffle  doth 
was  handled  and  felt ;  and  I  am  only  surprised  that  duffle  wurked 
into  f-anUrs  and  labliers  arc  not  the  prevailing  fashion  this  wnter, 
and  the  tnic  Arctic  cui,  something  lo  be  particular  in. 

But  it  is  no  light  tisk  that  Captain  Nares  and  his  companions 
have  before  ihcm  ;  and  .ilthough  I  most  strongly  deprecale  creating 
a  visionary  belief  that  the  Pole  will  be  attained,  as  most  unfair 
to  our  gallant  cmntrymen,  1  may  confidently  assert  that  every 
efifort  will  be  made  thai  human  beings  can  make.  Many  circum- 
stances combine  to  increase  the  difficulties  our  countrymen  will 
have  to  contend  with.     Let  us  remember  thai  Captain  Nares  him- 
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self  is  the  only  officer  in  tlie  two  ships  experienced  in  ice  work, 
and  it  requires  some  apprenticeship  to  get  your  hand  in  that  kiud 
of  work.  Lei  us  remember  also  that  the  shijis,  small  as  they 
looked  amongst  the  ironclad  monsters  in  the  docks  at  Portsmouth, 
are  nevertheless  twice  the  size  of  any  of  the  ships  that  have 
preceded  them  in  Arctic  exploration ;  and  a  ship  of  seven  or  eight 
hundred  tons  is  no  joke  to  box  about  amongst  the  ice,  or  gel  off 
the  ground  if  she  tails  on,  and  that  with  no  more  hands  than  were 
accorded  to  the  smaller  ships. 

Then,  again,  on  what  grounds  is  it  reasoned  that  the  distance 
between  the  supposed  position  attained  by  the  advance  ship  and 
the  Pole  is  adapted  for  sledging  ?  I  see  more  reason  to  argue  to 
the  contrary,  from  the  existence  of  those  islands,  separated  by 
wide  channels  that  lie  west  of  the  great  continent  of  Greenland, 
and  which  may  continue  to  the  Pole  ;  so  that  to  take  our  voyagers 
to  the  Pole  and  bring  them  home  the  year  after  next,  is  to  lead 
the  public  to  expect  loo  much,  and  as  a  matter  of  course  they 
would  be  proportionately  disappointed  if  it  be  not  accomplished. 
It  is  at  the  best  a  matter  of  chance,  which,  if  unfavourable,  the 
boldest  and  bravest  may  fail  to  achieve  success ;  but  if  circum- 
stances are  favourable  we  may  be  sure  that  advantage  will  be 
taken  of  them  to  the  utmost.  The  explorers  will  do  their  duty 
eciually  in  both  cases. 

From  the  perusal  of  the  journals  and  narratives  of  previous 
Arctic  voyagers,  from  the  lips  of  many  of  them  I  have  been 
associated  with,  and  from  a  httle  personal  experience,  /  know  full 
well  what  Captain  Nares  and  his  companions  will  have  to  go 
through  and  suffer  and  endure  under  any  circumstances.  They 
know  how  much  every  man,  woman,  and  child  in  England  who 
understands  anything  about  it  wishes  them  "  God  speed,"  and  the 
last  telegram  they  received  before  leaving  Portsmouth  was  from 
Her  Majesty  to  that  effect.  iVe  know  that  the  men  who  have 
gone  to  attempt  to  reach  the  Pole  are  British  sailors ;  and  although 
one  myself,  and  it  may  seem  presumption,  assumption,  or  conceit 
on  my  part  to  say  it  ;  but  (/  it  is  to  be  done,  cheered  on  as  they 
will  be  by  the  thought  of  "What  will  they  say  in  England?" 
thfy  will  Jo  it,  for  the  honour  of  Old  England — and,  to  the  glory 
of  God. 
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The  Chairman  :  I  have  only  to  propose  a  very  hearty  vote  of 
thanks  to  Captain  Davis  for  his  most  interesting  lecture,  on  a 
subject  which  is  attracting  such  great  attention  among  us,  now  that 
our  gallant  countrymen  have  just  completed  the  most  persistent 
attempt  ever  made  to  explore  these  unknown  regions.  They 
have  probably  just  returned  to  their  ships — very  likely  only  three 
days  ago.  I  beg  to  return  our  most  sincere  thanks  to  Captain 
Davis  for  his  most  interesting  lecture. 


ELECTRICITY  AS  A  MOTIVE  POWER. 
Bt  Professor  G,  Carey  Foster,  F.R.S. 


Dr.  Siemens,  F,R.S.,  in  the  Chair. 

The  Chairman  ;  Ladies  and  Gentlemen,— Having  been  re- 
quested to  take  the  chair  this  evening,  I  have  the  pleasure  of 
introducing  Professor  Carey  Foster,  the  lecturer  for  the  evening. 

Professor  Carey  Foster:  The  subject  of  this  evening's 
lecture  is,  as  you  are  probably  aware,  Electricity  as  a  Motive 
Power,  There  are  almost  innumerable  methods  by  which  nnoiion 
in  a  visible  mass  can  be  produced  by  electrical  agency.  The 
most  usual  methods  of  ascertaining  whether  a  body  is  electrified 
or  not  are  methods  by  which  it  is  made  to  give  motion  to  a 
visible  mass  of  matter.  An  ordinary  electroscope  is  an  instru- 
ment in  which  an  electrified  body  is  employed  to  give  motion,  it 
may  be  to  gold  leaves,  or  pith  balls,  or  some  easily  movable 
bodies.  Again,  if  we  want, — not  to  detect  the  electrification  of  a 
body, — but  to  ascertain  that  an  electric  current  is  passing  along  a 
wire,  the  most  usual  instrument  to  employ  for  the  purpose  is  a 
galvanometer,  an  instrument  in  which  a  magnetic  needle  is  moved 
from  its  ordinary  position  to  a  different  one.  I  may  say,  then,  that 
the  usual  way  of  detecting  electrification  is  by  causing  motion  in 
some  light  bodies,  and  the  usual  way  of  detecting  an  electric 
current  is  by  causing  motion  in  a  magnetic  needle. 
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I  shall  not  Like  up  time  by  showing  these  precise  experiments ; 
but  of  the  innumerable  other  illustrations  of  the  production  of 
motion  by  the  medium  of  electricity,  which  I  might  have  selected 
from  the  magnificent  collection  in  this  building,  I  will  attempt 
merely  one  as  an  illustration  of  the  ways  in  which  motion  can  be 
produced  by  means  of  what  is  conmionly  called  statical  electricity. 
At  this  end  of  the  table  you  will  notice  what  I  may  call  a  lillle 
circular  railway.  There  is  a  glass  plate  with  a  circle  of  tinfoil 
pasted  upon  it  and  a  circular  brass  rim  rising  &,  little  way  above  it. 
Then  there  is  a  glass  ball  which  is  capable  of  rolling  so  as  to 
remain  in  contact  with  each  of  these.  If  by  means  of  an  elec- 
trical machine  I  electrify  the  brass  rim  and  connect  the 
tinfoil  with  the  earth,  then  this  little  ball,  if  I  give  it  a  small  im- 
pulse, will  continue  to  move  round  and  round.  No  doubt  you 
are  all  aware  that  experiments  of  this  kind  do  not  succeed  well 
in  a  damp  atmosphere  ;  it  is  diflicidt  under  such  circumstances, 
to  keep  electricity  when  we  have  got  it,  and  it  is  possible  I  may 
fail  this  evening  on  account  of  the  very  damp  state  of  the  weather, 
but  I  will  make  the  attempt. 

1  will  in  a  few  words  sute  the  general  nature  of  the  action. 
The  portion  of  the  ball  which  at  any  instant  rests  against  the 
brass  rim  becomes  electrified  by  contact  with  the  rim.  The  rim 
is  electrified  by  the  machine,  the  glass  becomes  electrified  in  the 
same  way  and  is  repelled,  so  that  the  ball  rolls  away,  and  a  fresh 
part  of  the  glass  comes  in  contact  with  the  rim  ;  then  this  part 
becomes  electrified,  it  rolls  away,  and  so  the  motion  is  continued. 

Between  the  experiment  you  have  just  seen  and  the  deflection  of 
the  gold  leaves  of  an  ordinary  electroscope,  there  is  one  important 
difference.  We  have  here  a  continuous  movement :  we  can  keep 
the  ball  rolling  as  long  as  we  keep  the  machine  at  work  ;  but  when 
we  deflect  the  electroscope  we  get  a  movement  to  begin  with,  and 
ilien  the  whole  thing  is  at  rest.  By  the  use,  not  of  statical  charges 
of  electricity,  but  of  electric  currents,  there  are  many  ways  by  which 
we  can  produce  continuous  movements.  One  of  those  I  hope  to 
be  able  to  show  you  by  means  of  this  apparatus.  It  is  a  magnet 
set  vertically  and  capable  of  rotating  very  freely  about  its  own 
axis.     If  we  send   an  electric  current  from  the  bottom  to    the 
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middle  of  the  niagnel,  then,  if  the  current  is  strong  enough  and 
the  magnet  is  sufficiently  free  to  move,  it  wil!  spin  one  way  or 
the  other  according  to  the  direction  of  the  current.  We  have  a 
current  passing  along  the  magnet  to  the  middle,  and  the  magnet 
rotating  about  the  current  which  passes  through  itself;  or,  if  yon 
like  to  state  it  differently,  it  is  just  as  correct  to  say  either  that 
the  magnet  is  turning  about  the  current,  or  that  the  current  in 
the  magnet  is  rotating  about  the  axis  of  the  magnet  itself.  It  is  a 
mutual  rotation  of  a  current  and  a  magnet  about  each  other.  As 
soon  as  1  cause  the  current  to  pass,  the  magnet  begins  to  spin ;  if 
I  stop  the  current,  the  motion  will  cease  very  quickly  on  account 
of  the  friction;  and  if  I  make  the  current  go  in  the  opposite  direc- 
tion, we  shall  get  rotation  in  the  opposite  direction.  In  this  little 
apparatus  I  shall  be  able  to  show  you,  I  hope,  another  form 
of  what  is  essentially  the  same  phenomenon.  There  is  here  a 
fixed  magnet  —  this  little  bit  of  steel  at  the  bottom,  —  and 
there  is  a  conducting  wire  hung  by  a  loop  at  the  top  and 
dipping  into  the  mercury  in  this  httle  wooden  trough.  This  piece 
of  steel,  as  I  have  said,  is  a  magnet.  If  I  allow  the  current  to  pass 
down  the  wire  into  the  mercury,  or  to  pass  up  the  wire  from  the 
mercury,  in  either  case,  if  the  current  is  strong  enough,  the  wire 
will  rotate  round  the  pole  of  the  magnet.  1  may  mention  ia 
passiiig  that  this  rotation,  the  movement  of  a  wire  under  these 
circumstances,  was  one  of  the  first  electrical  discoveries  made 
by  Faraday.  When  the  current  passes,  you  see  the  wire  moving, 
turning  round  and  round  under  the  influence  of  the  magnet,  and 
by  inverting  the  direction  of  the  current  we  can  invert  the  motion 
of  the  wire. 

In  all  these  cases  however,  although  we  have  got  motion,  the 
force  that  is  brought  into  play  is  very  small.  The  apparatus  that 
we  employ  must  be  very  freely  movable  in  order  to  enable  us 
to  get  a  visible  motion  produced  at  all ;  and  although  ihe  move- 
ment can  be  got,  we  cannot  say  that  we  get  it  in  a  pracical  wayi 
We  cannot  get  sufftcient  force  exerted  by  these  methods  to  be 
useful  for  any  practical  purpose  If  we  can  gel  the  apparatus 
themselves  to  turn,  that  is  as  much  as  we  can  do ;  we  could  not  em- 
ploy any  of  them  to  turn  anything  else.     But  by  taking  advantage 


ELECTRICITY  AS  A  MOTIVE   POWER. 


of  another  property  ofelectrical  currents,  we  can  produce  very  great 
degrees  of  force  indeed.  I  will  jusl  point  out  the  chief  features  of  an 
apparatus  I  am  going  to  use  to  illustrate  this.  There  is  first  of  all, 
a  piece  of  soft  iron  bent  into  an  approximately  horse-shoe  form.  (In 
speaking  of  electrical  and  magnetic  apparatus,  we  are  accustomed  to 
use  the  term  "  horse-shoe  "  in  rather  a  hberal  way,  to  embrace  a 
form  of  thing  which  is  not  at  all  like  a  horse-shoe,  but  more  like 
a  U.)  A  copper  wire  is  coiled  round  this,  and  when  an  electric 
current  passes  through  the  wire,  the  iron  which  at  present  is  just 
like  common  iron  becomes  magnetic.  If  I  put  another  piece  of 
iron  to  it,  at  present  there  is  no  perceptible  action  of  one  upon  the 
Other;  hut  when  a  current  passes  through  this  coil  of  wire,  the  iron 
inside  the  coil  becomes  an  exceedingly  strong  magnet.  To  show  the 
magnetic  power  we  will  put  ou  some  weights,  I  am  not  attempt- 
ing to  bring  out  all  the  force  of  the  magnet,  and  a  larger  battery 
than  we  are  employing  would  be  required  for  ihe  purpose.  I  have 
here  only  five  cells,  which  is  a  very  small  battery,  but  still  that 
produces  very  considerable  magnetic  force,  so  that  we  have  a 
force  which  really  might  be  employed  to  produce  results  on  a 
practical  scale.  In  this  experiment  all  that  I  have  shown  you  is  that 
a  piece  of  iron  is  held  with  very  great  force  against  the  poles  of 
the  magnet;  but  I  might  have  made  the  experiment  in  a  slightly 
.  different  manner.  Instead  of  letting  the  iron  be  in  contact  with 
the  poles  to  begin  with,  1  might  have  held  it  a  little  away  from 
them,  and  then  it  would  have  been  forcibly  drawn  up  against 
them,  so  that  we  could  have  g')t  motion  produced  through  a  small 
distance,  but  with  very  great  force.  Now  a  drcumstatice  which 
renders  this  effect  of  electric  currents  still  more  available  for  pro- 
ducing effects  ol  mechanical  motion  than  even  what  L  have  shown 
you  would  imply,  is  that  the  same  current  can  be  employed  to 
magnetise  any  number  of  pieces  of  iron.  There  is  some  more 
iron  in  this  second  apparatus  which  can  be  magnetised  in  the  same 
way.  There  are  two  iron  cylinders  connected  by  a  cross-piece  at  the 
bottom,  and  there  are  coils  round  them  through  which  the  elec- 
tric current  can  be  passed.  When  a  current  is  circulating  in  the 
coils,  the  iron  becomes  magnetised,  and  the  ends  of  the  iron  will 
hold  a  piece  of  soft  iron  with  such  great  force  that  I  shall  nut  be 
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abJc  to  take  it  away.  I  wish  to  show  you  by  this  that  the  same 
current  can  be  made  to  magnetise  this  piece  and  this,  or  we  might 
have  a  half-a-dozen  more  which  would  be  all  magnetised  in  the 
same  way.  Now  I  have  stopped  the  current  and  the  magnetic 
force  has  ceased.  A  still  further  fact  connected  with  the  produc- 
tion of  magnetic  force  by  an  electric  current  is  that  we  have  the 
power  of  pnxlucing  and  (Jestrojing  the  magnetism  at  will.  As 
long  as  the  cuireot  is  passing  wc  have  here  a  strong  magnet,  but 
when  the  current  ceases  the  magnetism  ceases  to  exist.  Now 
suppose  this  piece  of  iron  which  I  am  holding  in  my  hand  to  be 
fixed  upon  a  vertical  asle,  so  that  it  could  turn  in  this  way,  and 
that  while  it  is  in  this  pr>sition  a  current  b^ins  to  pass  through 
this  coil.  Then  the  iron  comes  into  contact  n-ith  the  poles.  Now 
let  the  current  cease  as  soon  as  the  iron  is  in  contact  with  the  poles; 
then  by  the  momentum  it  has  acquired  in  obeying  the  current  and 
moving' to  wards  the  poles,  it  will  be  carried  beyond  them.  Suppose 
that  the  force  ceases  to  act  just  al  the  instant  when  the  iron  is  oppo- 
site the  poles,  then  the  momentum  it  has  got  will  carry  it  beyond. 
Now  imagine  the  current  to  begin  again,  and  the  iron  will  be  turned 
round  into  that  position;  let  it  cease  again,  it  will  be  again  moved 
forward,  so  that  by  making  and  breaking  the  electric  circuit  so 
as  to  allow  the  current  to  pass  and  then  to  interrupt  it  again  at  the 
proper  instant,  we  could  get  a  continuous  rotation  in  a  piece  of 
iron.  And  it  is  quite  easy  to  construct  a  mechanism  so  that  the 
motion  of  the  iron  shall  itself  make  and  break  the  passage  of  the 
current,  so  as  in  fact  to  make  the  apparatus  self-acting.  That  is  very 
roughly  and  in  general  terms  the  principle  of  the  arrangements 
which  have  been  found  the  most  effective  for  producing  move- 
ments on  a  large  scale  by  means  of  electricity  in  any  form. 

To  carry  out  the  kind  of  action  I  have  been  referring  to,  very 
numerous  contrivances  have  been  devised.  I  have  here  upon 
the  middle  of  the  table  a  series  of  three  instruments,  not 
exactly  such  as  would  be  obtained  by  carrying  out  the  arrange- 
ment I  spoke  of,  but  still  essentially  on  the  same  principle. 
Those  were  devised  by  Sir  Charles  Wheatstone,  and  are  contri- 
buted to  the  Exhibition  by  the  Council  of  King's  College,  being 
part  of  the  collection   of  Sir  Charles  Wheatslone's  apparatus. 
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I  which  he  bequeathed  to  the  college.    I  am  sofry  to  say  that 
I  they  are  a  little  antiquated,  aad  are  not  quite  in  working  order. 
I  Very  little  indeed    in  the  way   of  repair  would  probably  make 
I  them  work,  but  they  are  not  in  such  a  condition  that  1  am  able 
I  to  show  you  them  to-night  m  actual  motion.    The  principle  of 
them  all  is  theutiliiation  of  the  magnetic  property  imparted  to 
[  uon  when  an  electric  current  passes  round  it.     You  may  notice 
is  instrument  a  piece  of  iron  at  the  bottom,  and  there  is 
^  aooCher  at  the  side  nearest  to  me,  each  of  which  is  surrounded  by 
ft  coil  of  wire  ;  when  the  electric  current  passes  through  the  coils, 
'  each  piece  is  rendered  magnetic  so  that  it  attracts  any  piece  of 
in  its  neighbouihood.     You  notice  also  that  on  the  circum- 
ference of  this  wheel  there  are  fjur  pieces  of  iron.    The  circum- 
ference of  the  wheel  is  cut,  as  1  may  say,  into  steps,  so  that  one 
-end  of  each  bit  of  iron  is  farther  from  the  magnet  than  the  other 
I  end ;  at  the  bottom  of  the  step  it  is  farther  from  the  magnet 
I  tiian  it  is  at  the  top,  so  that  if  you  have;  this  iron  magnetised  it 
I  attracts  the  piece  of  iron  on  the  wheel,  the  iron  virtually  gets 
I  nearer   to   It   as  the    wheel  turns,  but    as  soon    as  the    iron 
Ihas  got  as  near  as    it    can,    by  a    self-acting    arangement   the 
I  tnagncdsm  peases,  so  that  the  wheel  is  allowed  lo  go  on ;  and 
I  another  piece  of  iron  is  acted  upon  in  exactly  the  same  way,  and 

■  so  on  in  succession.  In  the  next  apparatus  we  have  the  same 
1  sort  of  action.  There  is  a  disc  of  iron  which  alternately  ap- 
I  proaches  and  recede:>  from  four  magnets  placed  around  the 
I  apparatus,  and  in  doing  so  it  gives  motion  to  the  rest  of  the 
I  tnachine.  The  electric  current  Is  allowed  to  pass  alternately  around 
I  the  four  magnets  in  succession,  pulling  in  the  wheel  fin>t  towards 
I  one  and  then  towards  another,  and  the  way  in  which  the  wheel 
I  is  mounted  causes  that  kind  of  motion  to  produce  rotatory  motion 
I  in  the  fly  wheel.    The  action  of  the  third  apparatus  is  very  similar. 

s  I  have  said,  none  of  these  are  in  sufficiently  perfect  uondi- 

■  tion  to  be  usable,  but  there  are  instruments  here  by  which  1 
shall  be  able  to  get  movement  produced.  In  this  one,  we  have 
what  are  called  electro -magnets,  that  is,  pieces  of  iron  which 
become  magnets  when  an  electric  current  passes  through  the 
wire   coiled  round  the  iron.     lu  this  instrument  there  are  lour 
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sach  magnets,  and  the  cuirent  from  a  battery  can  be  made 
to  circulate  in  the  coil  of  each  of  these  in  succession.  Suppose 
that  this  magnet  is  excited  by  the  current,  theu  it  will  attract  a 
piece  of  soft  iron  carried  by  this  wheel.  If  these  pieces  are  near 
the  poles  of  the  magnet,  they  will  i>e  attracted  till  they  come 
opposite  to  them,  but  as  soon  as  they  get  as  near  as  they  can,  by 
a  self-acting  arrangement,  the  current  is  cut  oflf  from  the  coil  so 
that  the  iron  ceases  to  be  a  magnet.  As  soon  as  the  iron  gets  near 
the  magnet  the  force  which  attracted  it  ceases,  so  that  it  is  free  lo 
go  away  ngain  without  hindrance ;  but  as  soon  as  the  first  magnet 
ceases  to  act,  another  one  of  the  set  begins  to  act  and  so  it  con- 
tinues the  movejnent.  The  action  is  taken  up  by  the  four  magnets 
successively  round  the  circle.  Still  more  might  be  put  in,  but 
these  four  act  quite  well.  As  soon  as  I  allow  the  current  to  pass  we 
get  a  very  active  movement,  and  by  way  of  showing  how  such  an 
engine  might  be  utilised,  we  have  it  working  this  little  apparatus,  so 
that  we  are  actually  pumping  water  by  means  of  the  electric  current. 
Here  is  another  apparatus,  which  depends  essentially  on  the 
same  principles  again,  but  carried  out  in  a  somewhat  different 
manner,  which  1  will  show  you  the  action  of.  Here  again  there 
is  a  very  perceptible  amount  of  force  exerted ;  it  requires  a  per- 
ceptible exercise  of  force  to  prevent  the  machine  turning.  It  will  be 
difficult  to  make  the  action  of  this  apparatus  perfectly  intelligible 
to  those  who  have  no  acquaintanci:  whatever  with  electrical 
apparatus,  but  to  those  who  have  (and  no  doubt  many  present  are 
more  or  less  acquainted  with  such  instruments),  I  may  mention 
that  the  movement  you  have  just  seen  is  essentially  similar  to 
that  of  the  galvanometer  needle.  This  frame  is  coiled  with  wire, 
just  like  the  coi!  of  a  galvanometer,  and  this  revolving  piece  is 
a  magnet  when  a  current  is  passing  through  the  apparatus,  and  if 
we  begin  with  it  in  this  position  it  will  be  deflected  through  a 
quarter  of  a  circle,  one  way  or  the  other,  according  to  the  direc- 
tion in  which  the  current  passes.  Then  suppose  the  current 
to  be  inverted  when  the  revolving  piece  has  got  here  :  the  direction 
of  the  force  between  the  fixed  coil  and  the  revolving  piece  will  be 
inverted  also,  and  the  latter  will  turn  half-round ;  if  then  the  current 
is  inverted  again,  the  revolving  piece  will  be  urged  into  the  same 
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I  position  as  at  Rrst,  and  so  we  shall  get  continuous  moCinr..  The 
J  current  must  pass  in  one  directi':!!!  as  the  machine  moves  froin 
I  this  position  to  that,  and  then  in  the  opposite  direction  as  it 
f  moves  from  that  position  to  this.  The  current  must  be  inverted 
"a  direction  at  every  half  rotation.  If  you  think  of  the  action  of  a 
\  galvanometer  needle,  and  can  imagine  that  the  magnetism  of  the 
1  needle  is  inverted  at  every  half  rotation,  but  the  current  alwaj'S 
[  goes  the  same  way  through  the  coil,  you  will  easily  see  that  the 
1  needle  will  maintain  a  continuous  rotation.  That  is  virtually 
I  what  is  done  in  this  machine. 

Then  we  have  still  another  machine  on  the  table  which  I  see 
I  I  shall  not  be  able  lo  show  you  the  action  of,  as  the  mercury  at 
f  dte  bottom  has  got  displaced.     It  is  one  in  which  a  series  of  four 
I  fixed    electromagnets    act    on     four    movable    clectro-m^^els, 
I  attracting  them  as  they  are  approaching  and  repelling  them  as 
1  they  recede,  in  that  way  producing  continuous  movement.  Bui  these 
I  experiments  are  sufficient  to  show  not  only  that  electric  currents 
[  may  be  employed  so  as  lo  produce  movement    in    perceptible 
^s  of  matter,  but  that  the  motion  is  produced  and  maintained 
I  with   a  considerable  degree  of  force, — thai  we  really  could    get 
I  motors  constructed  so  as  to  act  by  electric  currents  which  would 
I  produce  efTects  on  a  practical  scale.     But  1  want  if  possible  tj 
\  ihow  you  a  little  more  than  I  have  done  as  yet  of  the  conditions 
under  which  such  movements  can  be  produced,  and,  in  the  first 
place,  perhaps  I  may  remind  you  for  a  moment  of  the  first  experi- 
ment that  I  showed  you,  the  rotation  of  this  little  glass  ball  on 
this  circular  railft-ay.     We  readily  get  that  rotation  maintained  by 
turning  the  handle  of  this  machine  ;  but,  ifall  we  wanted  was  to 
L  get  the  ball  to  run  round  the  circle,  it  clearly  would  have  been 
1  much  easier  and  would  have  requireil  a  much  smaller  expcmliture  of 
1  labour,  to  push  the  ball  round,  rather  than  to  turn  the  machitie  and 
I  make  it  rotate  in  that  way.     So,  if  the  only  object  were  to  get  the 
I  ball  to  run  round,  there  was  a  great    waste  of  labour  in    the 
I  method  we  employed  j  but  if  our  object  was  not  merely  to  make  it 
lp>  round,  but  to  make  it  go  round  under  particular  romlitions, 
I  then  the  method  we  employed  was  perhaps  as  good  as  any  we 
1  oould  use.     What  1  want  you  lo  notice  is  that  we  did  not  get  tlie 
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niotioD  here  for  nothing.  We  had  to  expend  labour  in  tumbg 
the  eleclric  machine,  in  order  to  get  the  ball  to  run  round  the 
railway.  In  all  the  other  cases,  when  we  get  motion  produced, 
we  must  either  do  work  ourselves,  or  something  else  must  do 
work  for  us ;  we  may  employ  various  agents  to  produce  the 
electric  current,  but  we  cannot  get  an  electric  current  which  will 
give  motion  to  these  machines  for  nothing,  any  more  than  we  can 
get  electricity  which  will  keep  this  ball  rolling  for  noiiiing  We  must 
pay  for  it  either  in  work  or  materials  in  some  kind  or  another. 
And  not  only  must  there  be  sime  expenditure  to  maintain  the 
electric  current,  but  the  very  movement  which  the  electric  current 
produces  lends  to  cause  a  current  in  the  opposite  direcdon.  In 
any  of  these  machines  which  you  have  seen  in  motion,  the 
movement  ot  the  machine  would,  if  it  look  place  by  itself,  produce 
an  opposite  current  to  the  current  which  actually  causes  the 
motion ;  and  I  want  to  try  to  show  you  this  in  one  or  two  cases. 

1  will  try  first  of  all  to  show  you  that  when  this  little  magnet 
spins,  a  current  is  produced  by  the  spinning.  There  is  a  Utile 
patch  of  light  on  the  screen,  which  is  produced  first  of  all  by  the 
light  inside  the  lantern,  but  the  light  from  that  is  thrown  from  a 
reSecling  prism  upon  a  little  mirror  in  the  apjjajatus  in  front, 
called  a  galvanometer,  an  instrument  employed  to  detect  the 
passage  of  an  eleclric  current.  It  would  be  beside  my  purpose  to 
enter  upon  the  principle  of  ihat,  but  I  may  just  mention  that  there 
is  a  little  magnet  very  finely  suspended,  so  that  it  can  move  with 
the  action  upon  it  of  an  exceedingly  small  force,  and  attached  to 
the  magnet  is  a  light  mirror  which  is  throwing  a  beam  of  light 
here  on  the  screen.  If  the  magnet  moves,  the  mirror  moves  with 
it,  and  the  little  luminous  patch  will  take  a  iliiferent  position  on 
the  screen.  If  an  electric  current,  even  a  small  one,  traverses  the 
wire  which  surrounds  the  suspended  magnet,  there  will  be  a. 
movement  of  the  mirror.  In  the  particular  experiment  I  want  to 
attempt,  the  current  I  expect  to  get  will  be  exceedingly  small. 
So  that  if  I  get  any  motion  at  all,  I  shall  be  contented  ;  you  must 
not  expei  t  to  see  the  thing  moving  violently,  but  I  hope  you  may 
see  a  small  movement.  When  I  spin  the  magnet,  there  is  a  slight 
movement;  and  if  I  spin  it  in  the  opposite  direction,  the  movement 


ELECTRICITY  AS  A   MOTIVE  POWER. 

of  the  spot  is  inverted,  showing  that  the  movement  of  the  mirror 
is  due  to  the  motion  of  the  magnet.  You  saw  at  the  beginning, 
that  a  curtent  passing  into  the  instrument  by  means  of  wires 
causes  the  magnet  to  spin,  and  now  we  see  that  spinning  the 
magnet  causes  a  current  to  pass.  It  would  be  possible  if  we  had 
time,  to  vary  the  experiment,  and  prove  to  you  that  the  current 
which  the  spinning  of  the  magnet  produced  is  in  the  opposite 
direction  to  the  current  which  would  cause  spinning  in  this  same 
direction.  If  you  make  the  magnet  spin  so  that,  as  we  look  down 
upon  it,  it  appears  to  go  like  the  hands  of  a  watch,  we  get  a 
current  in  the  wires  opposite  to  the  one  which  would  cause  the 
same  kind  of  movement.  And,  therefore,  when  we  put  a  battery, 
instead  of  a  galvanometer,  in  connection  with  these  wires,  the 
battery  has  not  merely  to  produce  a  current,  but  it  has  to  over- 
come the  current  due  to  the  motion  of  the  magnet.  This  motion 
of  the  magnet  if  it  were  produced  by  any  other  cause,  say  by  one's 
fingers  spinning  it,  would  produce  a  ciurent  ;  the  battery  has  to 
destroy  that  current,  and  to  produce  one  in  the  opposite  direction, 
in  order  to  maintain  the  motion.  Again  you  saw  that  the  same 
current  can  magnetise  two  pieces  of  iron  at  the  same  time,  and 
I  might  have  used  instead  of  two  pieces  a  dozen ;  the  same 
current  could  have  magnetised  them  all  at  once,  and  that  with- 
out any  diminution  in  the  current  itself,  supposing  that  the 
conductors  had  been  thick  enough ;  or  rather  I  should  say  the 
same  current  can  maintain  magnetism  in  any  number  of  magnets 
without  being  diminished.  But  there  is  a  difference  between 
maintaining  magnetism  which  has  once  been  produced,  and  pro- 
ducing magnetism  in  iron  which  was  previously  unmagnetised. 
When  a  current  first  magnetises  a  bit  of  iron,  there  is  an  action 
produced,  which  tends  to  cause  a  current  in  the  opposite  direction. 
I  will  attempt  to  prove  this  to  you. 

Instead  of  employing  an  electric  current  to  magnetise  these 
pieces  of  iron,  1  will  employ  a  steel  bar  magnet.  If  I  put  this 
against  the  piece  of  iron  it  will  magnetise  the  iron  for  the  time 
being,  and  1  hope  to  be  able  to  show  you  that  if  I  magnetise  one 
of  these  pieces  of  iron,  by  putting  this  magnet  upon  it,  a  current 
will  be  produced  in  the  coil,  and  that  current  we  can  make  to  act 
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upon  the  galvanometer.  As  soon  as  I  put  this  magnet  upon  the 
iron,  we  get  a  much  greater  action  thaji  we  did  just  now.  The 
spot  of  light  is  sent  right  off  the  screen  to  begin  with,  then  it 
gradually  comes  to  rest  When  the  iron  there  is  magnetised,  we 
have  a  current  in  one  direction,  in  the  surrounding  coil  of  wire, 
and  when  it  is  demagnetised  by  taking  away  the  magnet,  we  shall 
get  a  current  in  the  opposite  direction.  When  the  spot  of  light 
has  come  to  rest,  I  wiU  remove  the  m^net,  and  you  will  see  the 
»pot  goes  right  off  on  the  other  side ;  then  it  will  gradually  come 
to  rest  again.  We  may  have  ever  so  strong  a  magnet  here,  but  it 
will  not  produce  any  current  in  the  coil,  as  long  as  it  remains  in 
the  same  condition,  but  we  do  get  a  current  if  the  magnetism  is 
increasing  or  decreasing.  As  long  as  the  piece  of  iron  inside  of 
these  coils  retains  the  same  magnetic  condition,  we  have  no 
current  at  all  in  the  coil,  but  if  the  magnetization  of  the  iron  is 
increasing  or  decreasing,  we  get  a  current  in  the  surrounding 
wire,  the  so-called  induced  current. 

Now  in  any  of  the  arrangements  already  described  whereby  we 
can  get  work  done  continuously  by  means  of  electric  currents,  we 
must  have  alternate  magnetization  and  demagnetization.  That  can 
be  illustrated  equally  by  means  of  any  of  these  apparatus,  In  the 
first  case,  you  must  have  this  magnet  active  as  the  piece  of  iron  is 
approaching  it,  and  then  its  magnetism  must  cease  as  the  piece  of 
iron  is  moved  away ;  otherwise,  whatever  work  was  done  by  the 
magnet  in  pulling  the  piece  of  iron  towards  it  would  be  undone  in 
pulling  the  iron  away  from  it.  What  we  want  is  that  the  magnet 
shall  attract  the  iron  as  long  as  it  is  approaching,  and  allow  it  to 
move  away  freely  as  soon  as  it  has  come  as  close  as  possible.  If 
the  iron  is  pulled  equally  as  it  approaches  the  magnet  and  as  it 
recedes,  the  advantage  we  get  by  the  pull  during  approach  is  ejcactly 
neutralised  by  the  resistance  during  separation.  The  range  of  mo- 
tion is  limited.  As  soon  as  the  piece  of  iron  gets  close  to  the  mag- 
net you  get  no  further  motion,  you  must  take  it  away  again,  so  as  to 
cnableit  tobealtracted  a  second  time,  or,— to  make  the  action  still 
more  continuous, — in  most  of  these  arrangemeuts,  we  have  several 
pieces  of  iron  attracted  in  succession,  and  each  one  after  getting  as 
near  as  it  can,  must  be  allowed  to  go  away  again,  to  come  back 
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sooner  or  later  to  the  same  place,  so  that  we  have  in  all  these  cases, 
magnetization  and  demagnetizatioo,  as  a  Decessary  condition  for 
coniinuoits  movement.  The  effect  of  this  is  that  we  get  a  continu- 
ous succession  of  inverse  currents,— or  we  may  express  the  action  in 
this  way  :  While  the  machine  is  in  motion,  it  produces  a  con- 
tinuous succession  of  currents,  opposed  to  the  current  which  is 
causing  the  motion,  so  that  the  strength  of  the  exciting  current  is 
diminished  by  the  movement. 

By  way  of  attempting  to  show  you  this,  I  will  make  an  experi- 
ment by  means  of  that  apparatus  again,  putting  into  the  circuit  a 
piece  of  platinum  wire.  I  will  allow  the  current  whict  drives  the 
engine  to  pass  also  through  this  bit  of  wire,  and  the  effect  of  the 
passage  of  the  current  will  be  to  cause  the  wire  to  be  strongly 
healed.  The  action  of  the  battery  on  the  wire  alone,  without 
allowing  it  to  act  on  the  machine  at  the  same  time,  would  cause  the 
wire  to  become  luminous,  but  when  it  is  acting  on  the  machine  the 
effect  is  much  less.  You  notice  now  the  current  passing  through 
the  wire,  and  there  is  no  visible  heating  of  it,  but  the  moment  1  stop 
the  engine  it  becomes  red-hot.  That  shows  you  what  the  strength 
of  the  current  would  be  if  the  engine  were  not  turning.  If  1  allow 
the  engine  to  turn,  the  current  is  weakened  by  the  inverse  action 
of  the  machine  itself,  I  said  that  in  any  such  arrangement  as 
this,  there  is  an  inverse  current  produced  by  the  motion  of  the 
machine  itself,  and  that  inverse  current  is  sufficient  to  prevent  the 
glowing  of  the  wire;  thetemperatureoftheM'ireindicaiesthestrength 
of  the  cuTTent  we  are  dealing  with ;  that  is,  it  is  a  strong  current 
when  the  machine  is  al  rcsi,  and  not  so  strong  when  the  machine 
is  at  work ;  and  we  get  no  visible  heating  effect.  This  shows 
that  the  movement,  which  the  current  produces,  actu^ly  dimi- 
nishes the  strength  of  the  current  itself. 

Another  exjwriment  which  will  further  illusirate  the  same  fact, 
or  rather  a  variation  of  the  same  experiment  I  can  make  by  means 
of  these  two  apparatus.  There  are  here  two  of  those  very  beauti- 
ful machines  for  producing  electric  currents  by  mechanical  action 
of  the  form  devised  by  M.  Gramme.  By  turning  this  handle  we 
can,  by  an  arrangement  of  electric  condiiclors,  soft  iron,  and  k 
magnet,  cause  a  continuous  succession  of  electric  currents.    I 
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will  try,  first  of  all,  to  show  you  that  by  means  of  this  apparatus 
you  can  get  an  electric  current.  I  employ  the  saine  test  we  have 
used  just  now,  the  healing  of  the  platinum  wire.  You  see  this  is 
a  sort  of  reversal  of  the  effects  we  have  produced  by  the  other 
machines  ;  in  all  those  cases  we  employed  an  electric  current  to 
produce  mechanical  rotation.  Here  we  employ  the  rotation  to 
produce  the  electric  current.  I  might  produce  exactly  the  same 
effect  by  means  of  a  second  machine  which  is  almost  identical 
except  that  it  is  turned  by  the  foot  instead  of  the  band  ;  and  by 
means  of  the  two  machines,  I  can  illustrate  still  further  the  relation 
of  mutual  convertibility  that  I  have  just  referred  to  ;  that  we  can 
produce  motion  by  means  of  an  electric  current,  or  can  produce 
an  electric  current  by  means  of  motion.  If  I  turn  the  handle  of 
the  machine  you  see  we  get  a  current,  or  if  I  turn  this  second 
machine  I  shall  be  able  to  get  a  current  as  well,  and  I  can  use 
the  one  current  to  turn  the  other  machine,  and  connecting 
the  two  machines  together  1  can  cause  one  of  them  to  work  the 
other. 

Now,  with  these  two  Gramme's  machines  we  will  try  the  same 
sort  of  experiment  1  did  just  now ;  that  is,  we  will  include  the 
piece  of  platinum  wire  in  the  circuit.  The  two  machines  are  in 
connection  with  each  other,  as  before,  only  the  handle  of  one  of 
them  is  not  allowed  to  turn  ;  and  now  I  will  try  to  make  the  wire 
hot  again,  and  directly  it  is  hot  we  will  leave  the  handle  loose. 
As  soon  as  we  allow  the  other  machine  to  turn,  you  see  the  heat 
of  the  wire  diminishes.  A  further  extension  of  the  same  experi- 
ment is  this.  You  see  the  direction  in  which  that  machine  turns 
when  we  leave  it  free.  I  will  ask  Mr.  Chapman,  instead  of  merely 
holding  it  fast,  to  turn  it  in  the  opposite  direction  to  the  one  in  which 
it  wants  to  turn,  and  then,  instead  of  ihe  wire  getting  less  hut  than 
before,  it  will  get  more  brightly  heated.  I  am  using  this  machine 
to  turn  that  one.  If  we  have  one  machine  turning,  and  connected 
with  the  other,  and  then  turn  the  Other  one  in  the  opposite  direc- 
tion to  that  in  which  it  tends  to  move,  we  get  an  increased 
strength  of  current.  But  if  we  allow  the  second  one  to  turn  in 
the  natural  direction,  the  current  is  weakened.  If  we  oppose  the 
motion  it  tends  to  produce,  we  get  a  strengthened  current.    You 
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see  now,  when  the  machine  is  turned  in  the  opposite  direction  to 
that  in  which  it  wants  to  go,  the  wire  is  brighter  than  ever ;  in  fact, 
it  is  actuajjy  melted  by  the  heat  of  the  current 

The  general  condition  that  we  have  in  all  these  cases  may  be 
thus  staled  :  that  the  current  is  weakened  by  the  motion  it  lends  to 
produce,  and  it  is  the  more  weakened  the  more  rapidly  the  machine 
which  is  employed  as  the  source  of  power  turns ;  further,  the  pro- 
portion of  the  whole  working  power  of  an  electric  current  which 
is  converted  into  useful  work  by  any  such  arrangement  as  these, 
or  any  other,  in  fact,  is  greater  the  more  the  current  is  weakened. 
Let  us  imagine  the  current  of  a  battery  to  have  some  definite  strength 
when  the  machine  is  at  rest,  and  some  other  definite  strength  when 
we  have  the  machine  going.  The  battery  current  is  diminished  by 
the  inverse  current  due  to  the  machine ;  so  that  the  current  which 
remains  is  the  difference  between  the  current  of  the  battery  and 
the  inverse  current  due  to  the  apparatus.  If  we  call  ihe  current 
of  the  battery  C,  and  the  difference  between  it  and  the  inverse 
current  due  to  the  machine,  that  is,  the  current  which  passes  when 
the  machine  is  m  motion.  C,  then,  without  spending  time  on 
this  somewhat  mathematical  point,  I  may  just  give  it  you  as  a 
matter  of  fact  that  the  measure  of  the  efficiency  of  the  machine  is 

C— C 
tL-prescnted  by  the  formula  "  p       *  The  proportion  of  the  whole 

energy  developed  by  the  battery,  which  is  converted  into  useful 
work,  is  the  same  as  the  proportion  which  the  difference  between 
the  current  when  the  machine  is  at  rest  and  the  current  when  it 
is  at  work  bears  to  the  current  when  the  machine  is  at  rest. 

It  is  impossible,  tn  consequence  of  these  facts,  to  hope,  from 
the  application  of  electric  force,  for  any  essentially  new  source  of 
power.  We  occasionally  see  statements  that  there  is  no  reason 
to  be  afraid  of  the  exhaustion  of  our  coal-fields,  and  so  on,  be- 
cause, when  we  can  get  no  more  coal  to  drive  our  sieam-engines, 
we  shall  discover  some  new  source  of  power,  the  usual  hope  being 
that  electricity  will  be  turned  to  some  available  account.  Of 
course,  one  can  never  say  what  will  be  discovered,  but  wc  can  say 

•Sec  Note  (A). 
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what  has  been  discovered,  and  so  far  as  our  present  knowledge  of 
the  laws  of  electric  currents  or  the  laws  of  electricity  in  general 
goes,  it  does  not  indicate  any  means  by  which,  when  our  coal  is  ex- 
hausted, it  will  be  possible  to  obtain  motive  power  through  the 
agency  of  electricity.  You  see  we  can  thus  get  motive  power, 
but  it  is  at  considerable  cost.  We  have  to  employ  a  galvanic 
battery,  that  is  zinc,  or  some  other  nnetal,  and  acids  in  which  the 
metal  is  dissolved.  We  have  the  solution  of  the  zinc  in  acid 
instead  of  the  burning  of  coal  under  the  boiler,  and  the  solution  of 
zinc  in  acid  is,  quantity  for  quantity,  a  more  expensive  process  a 
great  deal  than  the  burning  of  coal  under  a  steam-engine  boiler. 
The  quantity  of  coal  which  must  be  employed  to  smelt  the  zinc 
to  get  it  from  the  ore  into  the  metallic  state  in  which  it  can  be 
used  in  a  battery,  would  go  much  further  as  a  source  of  motive 
power,  if  it  were  employed  to  produce  heat  under  the  boiler  of  a 
steam-engine  than  the  zinc  would  go,  if  employed  in  a  battery 
to  give  motion  lo  such  an  engine  as  one  of  Ihese.  In  fact,  the 
experiment  I  drew  your  attention  to  first  of  all  is  the  type  of  all 
the  processes  we  can  employ  in  getting  motive  puwer  from  elec- 
tricity. To  keep  that  litde  ball  rolling  on  the  railway,  we  must 
do  much  more  work  in  turning  the  handle  of  the  electrical  ma- 
chine than  would  suffice  to  keep  up  the  motion  of  the  ball.  So 
here,  much  more  work  must  be  done  in  the  way  of  coal  ex- 
pended in  preparing  materials  for  the  battery  ihan  we  get  from 
the  battery  when  it  drives  one  of  these  machines.  Or  if,  instead 
of  using  a  galvanic  battery,  we  use  one  of  the  Gramme's  machines, 
we  have  to  do  more  work  in  turning  the  handle  of  the  machine 
than  can  be  got  out  of  the  apparatus  driven  by  it.  We  alwa}'S 
have  to  expend,  in  one  way  or  another,  more  work  than  we  get  out 
of  any  of  these  machines.  Therefore,  although  we  can  get  mecha- 
nical work  done  by  ihem,  we  cannot  look  upon  them  as  a 
possible  source  of  motive  power,  when  those  we  have  at  present 
at  command  shall  fail  us.     (See  Note  B.) 

The  Chairman  :  Ladies  and  Gentlemen, — We  have  listened 
to  a  very  instructive  lecture,  and  I  now  call  upon  you  lo  signify 
your  appreciation  of  what  you  have  heanl  by  passing  a  hearty  vote 
of  thanks  to  Professor  Carey  Foster. 


I 
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Oh  the  Efficiency  of  Electro-magnetic  Engines. 

The  following  additional  particulars  in  relation  to  the  efficiency 
of  electro- magnetic  engines  may  be  of  Interest  to  some  readers. 

In  the  case  of  any  machine  which  is  working  steadily,  the 
energy  expended  on  it  in  a  given  time  exceeds  the  useful  work 
done  by  it  in  the  same  time.  Thus,  in  a  steam-engine,  the  energy 
Corresponding  to  llie  amount  of  fuel  burned, — which  is  the  mecha- 
nical equivalent  of  the  heat  given  out  in  combustion, — is  always 
greater  than  the  amount  of  mechanical  work  done  by  the  engine; 
the  work  spent  during  a  given  period  in  drivmg  a  machine-tool  of 
any  kind  exceeds  the  useful  work  done  by  the  machine  during  this 
period  ;  and  similarly,  the  energy  equivalent  to  the  consumption 
of  material,  in  a  galvanic  battery  used  to  drive  an  electro-magnetic 
engine,  is  greater  than  the  energy  given  out  by  the  engine  as 
motive  power.  The  proportion  which  the  useful  work,  performed 
in  a  given  time  by  a  machine  working  at  a  constant  speed,  bears 
to  the  whole  amount  of  energy  expended  on  the  machine  during 
this  time,  is  called  the  "  efficiency  "  of  the  machine  in  question. 

In  the  case  of  an  electro -magnetic  engine,  driven  by  the  current 
of  a  galvanic  battery,  the  energy  spent  in  a  given  time  may  be 
calculated  as  follows  : — Let  z  be  the  quantity  of  zinc  (or  of  some 
Other  material  taking  part  in  the  chemical  process  of  the  battery 
and  choben  for  reference)  which  is  consumed  in  the  whole  battery 
in  unit  of  time,  and  let  9  be  the  thermal  effect  of  as  much  chemi- 
cal action  as  goes  on  in  ihe  battery  during  the  consumption  of 
unit  mass  of  zinc  (or  other  selected  material).  Then  the  thermal 
effect  of  the  total  chemical  action  of  the  battery  during  unit  of 
time  is  z  6,  and  if  J  denotes  the  mechanical  equivalent  of  the  unit 
of  heat,   the  expenditure  of  energy  in  the  battery  per  unit  of 

W  =  Sz0 (,) 

Put  i  for  the  so-called  "  electro-chemical  equivalent "  of  zinc,  that 
is  for  the  quantity  of  zinc  consumed  in  each  cell  of  a  battery. 
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while  the  unit  quantity  of  electricity  passes  any  given  part  of  the 
circuit,— then,  if  there  are  «  cells  in  the  battery,  the  quantity  of 
zinc  consumed  in  the  while  battery,  for  each  unit  of  electricity 
traversing  the  circuit,  is  n  £.  Consequently,  the  amount  of  elec- 
tricity which  traverses  the  circuit  during  unit  of  time,  or  the 
strength  of  the  current,  is 


(>) 


and  the  quantity  of  zinc  expended  simultaneously  is 
Putting  this  value  of  z  into  equation  (i),  we  get 

w  =  «.ji:fl.c (3). 

Of  the  quantities  on  the  right-hand  side  of  equation  (3),  J  and  t 
are  necessarily  constant,  and  6  depends  only  on  the  nature  of  the 
chemical  action  which  takes  place  in  the  battery ;  for  a  battery  of 
a  given  kind  9  is  therefore  also  constant.  Consequently  if  we  use 
a  single  symbol  E  to  denote  the  product  of  these  three  factors, 
nriting,  that  is, 

E  =  Jifl, (4) 

E  represents  a  quantity  which  is  characteristic  of  the  special  kind 
of  cells  composing  the  battery  and  is  called  the  electro-motive Jora 
of  one  of  these  cells.  If  we  have  only  a  single  cell,  and  if  this 
produces  a  current  of  unit  strength,  the  factors  n  and  C  in  equation 
(3)  each  become  unity,  therefore,  in  this  case,  E  =  W  or  the 
electro-motive  force  of  a  given  cell  is  equal  to  the  amount  of 
energy  expended  in  it  in  a  unit  of  time  when  it  is  traversed  by 
a  current  of  unit  strength. 

If  we  suppose   the  engine  to  be  prevented  from  tiuTiing,  the 
expenditure  of  the  energy  W  in  the  battery  has  for  its  only  result 

(W\ 
=    .- 1    which  goes  to 

raise  the  temperature  of  the  whole  circuit  traversed  by  the  current. 
The  heat  produced  in  unit  of  time  depends  on  the  strength  of  the 
current  and  on  a  quantity  called  the  resistance  of  the  circuit,  which 
is  determined  by  the  materials  and  dimensions  of  the  various  con- 
ductors,  metallic  or  liquid,  of  which  the  circuit  is  made  up. 
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DenotiDg  the  resistance  by  R,  we  have,  as  the  result  of  experi- 
ment,— 

W  =  J  H  =  C  R     .    .     .     (5) 
Combining  this  with  equation  (3),  and  putting  E  tor  its  value 
from  {4),  we  have 

n  E  =  C  R (6) 

Now  let  the  engine  be  allowed  to  turn.  As  pointed  out  in  the 
lecture,  the  strength  of  Ihe  current  is  in  this  case  less  than  before  ; 
let  it  be  represented  by  C.  Part  of  the  energy  of  the  battery  is 
siill  spent  in  producing  a  quantity  of  heat  H'  in  the  circuit,  such 
that  J  H'  =  C  *  R ;  but,  in  addition  to  this ,  a  certain  quantity 
of  useful  work  {=  U)  is  done  in  maintaining  the  motion  ofthe 
engine.  Accordingly,  denoting  the  energy  extended  in  the 
battery  per  unit  of  time  by  W,  we  have 

W  =  C  R  +  U, (7) 

and  the  efficiency  ofthe  engine  is  represented  by  the  fraction 

w' 

whose  value  may  be  determined  by  aid  of  the  following  considera- 
tions : 

Any  electro-magnetic  machine  tends  to  move  in  such  a  direc- 
tion as  to  increase  the  magnetic  force  acting  across  the  area 
enclosed  by  the  circuit  of  the  electric  current  ;  and,  in  any 
given  case,  if  a  very  small  displacement,  x,  of  the  machine  causes 
an  increment  of  the  magnetic  force  thus  acting,  which,  when  mul- 
tiplied by  the  number  of  times  that  the  area  in  question  is  endrclecl 
by  the  current,  is  denoted  by  m,  the  force  tending  to  cause  thil  I 
displacement,  when  C  is  the  strength  of  the  current,  is  equal  to 


The  ratio—    depends    on     the    construction    of  the     particular 

machine,  and  it  may  either  be  constant,  or  it  may  go  through  a 

series  of  recurrent  values  once  or  oftener  during  each  revolution. 

I  We  will  represent  it  by  A.    Then  the  work  done  during  the  dis- 


3^' 
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placement  .v,  or  the  product  of  the  force  into  the  displacement, 

is 

ACx. 
Let  a  he  the  velocity  of  the  machine  and  /  the  time  occupied  by 
the  small  displacement  x  :  we  have  then  x  =  a  f,  and  the  usefiil 
work  done  during  the  short  time  /  becomes 

U  /  =  A  C  a  I-. 
Muhiplying  equation  (j)  hy  /,  and  substituting  for  the  last  term 
the  value  just  found,  we  get 

W  /  =  C^  R  /  +  A  C  a  /. 
In  general,  neither  the  rate  of  expenditure  of  energy  in  the  battery 
detioted  by  W,  nor  the  strength  of  the  current  C,  nor  the  factor 
A,  remains  constant  for  any  finite  length  of  time  during  the  motion 
of  the  machine.  They,  however,  pass  through  a  series  of  values 
which  recur  periodically  once  or  oftener  during  every  revolution, 
and  we  may  consequently  take  the  symbols  in  the  last  equation  as 
representing  constant  mean  values.  With  this  understanding,  we 
divide  each  term  by  I,  or,  what  comes  to  the  same  thing,  we  may 
regard  the  equation  as  referring  to  the  energy  expended  and  the 
work  done  in  unit  of  time,  and  may  write 

W  =  C»  R  +  A  C-  a (7a) 

By  (3)  and  (4)  we  have  also 

W  =  «  E  C 
whence 

«  E  =  C  R  +  A  a     ,     .    .     .     (8) 
and 

Efficiency  =  ^r  =  ^ (9) 

Substituting  here  the  value  of  Aa  from  (8)  and  that  of  nE  firom 
(6),  we  obtain  for  the  efficiency  of  the  machine  the  value  given  in 
the  lecture,  namely — 

w  -    c     ■  ■  ■  (>°) 

ITie  same  result  may  be  arrived  at  more  readily  by  considering 
that  the  etfect  of  an  increase  of  the  magnetic  force  acting  across 
the  area  of  the  circuit  is  to  generate,  while  the  increase  is  going 
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on,  an  electro- motive  force  of  the  value—  -7  =  —  A  a.  Hence, 
while  the  machine  is  moving,  the  mean  effective  electro-motive 
force,  or  the  electro -motive  force  which  acts  to  maintain  the 
current  is 

ffl  E  —  Aa. 
But,  by  (3)  and  (5),  the  efifective  electro-motive  force  multiplied 
by  the  strength  of  the  current  gives  the  energy  spent  in  unit  01 
time  in  generating  heat  in  the  circuit,  or 

(nE  —  Aa)C'  =  JH'  =  C  R 
and  consequently  the  useful  work  per  unit  of  time  must  be  equal 
to  the  excess,  above  the  energy  so  spent,  of  the  total  energy  of  the 
battery  per  unit  of  time,  that  is, — 

U  =  nEC  —  (nE  —  Aa)C  =  A«C 
and 

U_  _   AoC  _  C-C 
W  ~~  «KC'  ~      C 
as  before. 

Expressions  (9)  and  (10)  show  that  the  efficiency  of  a  given 
electro- magnetic  engine  increases,— in  the  first  place  as  its  speed, 
a,  becomes  greater,  and  in  the  second  place  as  the  ratio  of  the 
strength  of  the  current,  C,  when  the  machine  is  at  woilc,  to  the 
Strength  of  the  cuirent,  C,  when  the  machine  is  at  rest,  becomes 
smaller,  and  that  the  efficiently  of  the  engine  would  have  its 
greatest  possible  value,  namely  unity,  either  when  the  speed  is 
great  enough  to  make  Ao  —  nE,  or  when  the  strength  of  the 
current  C  is  equal  to  nothing.  These  two  conditions  are,  how- 
ever, shown  by  equation  (8J  to  be  identical,  and  if  they  occurred 
the  engine  would  be  doing  no  work,  though  it  might  still  be  called 
perfectly  efficient,  inasmuch  as,  there  being  no  current,  there  would 
be  no  expenditure  of  energy  in  the  battery. 

For  the  actual  rate  at  which  useful  work  is  done  by  an  electro- 
magnetic engine,  equations  (i),  (10),  and  (4),  give  the  fallowing 
expression — 

u  -  w  -g-   -  jei.  -g Ej .  -(. 

Remembering  that  the  strength  of  the  working  ciureiil  C  and 
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the  quantity  of  zinc  s'  consumed  in  unit  of  time  are,  according  to 
equation  (a),  directly  proportional  to  each  other,  it  can  easily  be 
shown  that  with  a  given  galvanic  batter^',  an  electro -magnetic 
engine  is  doing  useful  work  at  the  greatest  possible  rate  when  it 
is  working  at  such  a  speecj  as  to  reduce  the  strength  of  the  current 
to  half  what  it  would  be  if  the  engine  were  at  rest.  In  this  case 
we  have 

U  =  }  Jffr; 
or,  numerically,  supposing  a  Daniell's  battery  to  be  used,  and 
taking  as  the  unit  of  work  the  work  done  when  a  force,  which 
would  in  a  second  give  a  velocity  of  a  centimetre  per  second  to  a 
gramme,  acts  through  one  centimetre — a  quantity  of  work  often 
referred  to  as  one  trg, — 


U  = 


!    43,0 


I05:;' 


=  16,905.00 

where  i  is  the  number  of  grammes  of  zinc  consumed  per  second 
in  the  battery.  The  rate  of  doing  work  which  is  spoken  of  as  "  i 
Horse-Power"  is  equal  to  about  7*46  x  10'  ergs  per  second  :  con- 
seciuently  a  Daniell's  battery  consuming  i  gramme  of  zinc  per 
second,  and  employed  to  drive  an  electro-magnetic  engine  working 
under  the  conditions  named,  would  do  work  at  the  rate  of 

-_?  5 —  Horee-power  =  2I  Horse-power  (nearly)  ; 

740OOOOO0O  '^ 

or,  to  do  work  at  a  rate  equal  to  i  Horse-power,  it  roust  consume 
about  o'444  gramme  of  zinc  per  second  or  about  3J  pounds 
(Avoird.)  per  hoiir.  A  good  steam-engine  performing  the  same 
amount  of  work,  would  consume  about  an  equal  weight  of  coal, 
costing  from  -i^Xo  -^O^  the  price  of  the  zinc. 


Note  (B). 

On  the  available  Sources  0/ Electrical  Energy. 

We  meet  with  electrical  energy  in  nature  in  the  form  of  the  charge 
accumulated  in  thunder  clouds  and  in  the  form  of  earth -currents, 
but  the  application  to  practical  purposes  of  the  energy  thus  exist- 
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ing  would  be  attended  with  even  greater  uncertainty  and  difficulty 
than  the  employment  of  the  kinetic  energy  of  the  wind  or  of  the 
tidal  wave  as  a  source  of  motive  power.  Practically,  therefore, 
we  have"  to  consider  only  artificial  sources  of  electrical  energy. 
These  may  be  classified  under  three  general  heads  as  follows  :— 
Electrical  energy  can  be  developed  (ij  by  doing  work  in  moving 
matter  against  electro-static  or  electro-magnetic  force ;  (a)  by  the 
expenditure  of  chemical  energy,  as  in  the  galvanic  battery;  (3)  by 
the  expenditure  of  heat,  as  in  the  thermo-electric  battery.  When 
we  are  considering  the  possibility  of  applying  electricity  as  a 
morive  power,  it  is  evident  that  the  first-mentioned  source  of 
electrical  energy  may  be  left  out  of  account,  since  the  motive 
power  gained,  even  in  an  ideally  perfect  case,  would  only  be  equal 
to  what  would  have  to  be  ex|)cnded  in  order  to  get  the  electrical 
energy  required  to  produce  it.  With  regard  to  the  second  source, 
chemical  energy,  this  is  accessible  to  us  on  a  large  scale  only  in  the 
formof  unoxidised  combustible  matter,  in  other  words  in  the  form 
of  coal.  The  various  processes  of  metallurgy  are  merely  methods 
of  transferring  part  of  the  cliemical  energy  of  coal  to  metallic 
ores.  It  follows  then  that,  in  the  absence  of  coal,  chemical  energy 
would  not  be  forthcoming,  on  a  large  scale,  as  a  source  of  elec- 
trical effects.  As  to  the  third  source,  it  may  be  sufficient  to  point 
out  that  we  are  again  dependent  on  the  combustion  of  coal  for 
our  chief  ^ugiply  of  artificial  heat.  It  is  conceivable  that  some 
time  elettricity  may  play  an  important  part  in  rendering  the 
enci^y  of  the  sun's  rays,  or  perhaps  in  exceptional  cases  the  in- 
ternal heat  of  the  earth,  available  as  a  source  of  energy  for  prac- 
tical purposes ;  but  it  is  certain  that  no  discovery  tending  in  this 
direction  would  restore  lo  Great  Britain  her  present  exceptionally 
advantageous  position  as  a  manufacturing  country,  should  her 
coal-fields  ever  come  to  be  exhausted. 


ANTARCTIC    EXPLORATION. 
Bv  Captain  J.  E.  Davis,  R.N. 

August  $//i,  1876, 


Major  Festing  in  the  Chair. 

The  Chairman  :  Ladies  and  Gentlemen, — I  do  not  think  any 
introduction  of  Captain  Davis  is  needed  to-night.  I  dare  say 
many  of  you  were  here  last  Saturday  evening  when  Captain  Davis 
gave  you  such  an  excellent  lecture  on  the  North  Polar  dis- 
coveries ;  and  he  is  now  going  to  tell  us  about  what  has  been 
done  towards  the  South  Pole. 

Captain  Davis  :  The  attention  of  crowned  heads  and 
governments  has  from  a  very  early  period  been  directed  towards 
the  North  Polar  regions.  The  proximity  of  the  Northern  Pole 
to  all  the  countries  where  science  and  commerce  were  concentred, 
with  the  prevailing  belief  of  the  existence  of  a  passage  whereby 
ships  might  make  a  speedy  passage  to  India  and  Cathay,  and  so 
avoid  the  long,  tedious,  and  dangerous  voyage  round  the  much- 
dreaded  Cape  of  Storms,  at  once  rendered  the  North  an  object  of 
interest,  not  only  in  a  scientific,  but  in  a  commercial  point  of 
view ;  and  although  the  practicability  of  such  a  passage  has  long 
been  set  at  rest,  still  ships  have  from  time  to  time  been  sent  to 
those  inhospitable  regions  with  no  other  object  than  geographical 
discovery  and  scientific  research,  while  the  South  Polar  regions 
have  been  comparatively  neglected. 

That  this  has  been  the  case  I  think  will  be  generally  conceded, 
and  also    that  oui  knowledge  of  what  has  been  done  in  both 
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legions  is  far  greater  of  the  North  than  of  the  South,  and  the 
latter  Ijas  never  held  the  same  prominence  before  the  public  as 
the  fonner  ;  and  while  the  names  of  Parry,  Franklin.  Ross  and  a 
hundred  others  are  "familiar  in  our  mouths  as  household  words," 
but  comparatively  few  have  even  heard  of  Bellirgsbatisen, 
Weddell,  Biacoe,  or  Balleny  ;  and  even  the  renowned  Cook  is 
more  remembered  for  his  discoveries  in  the  Pacific  than  for  his 
bold  pushing  to  the  Soutn  and  sailing  over  \a%°  of  longitude 
irithin  the  latitude  of  60",  500  miles  of  which  were  within  the 
Antarctic  circle ;  and  even  now  had  it  not  been  that  the  planet 
Venus  crosses  the  sun's  disc  in  1882,  to  observe  which  a  position 
in  a  high  Southern  latitude  is  considered  the  best  for  one  of  the 
methods  of  observing,  the  poor  Antarctic  regions  might  have 
remained  neglected  for  another  century  or  two,  and  every  person 
connected  with  discovery  in  that  part  of  the  world  forgotten. 
Under  these  circumstances  I  believe  that  a  sketch  of  the  history 
of  discovery  in  the  South  Polar  regions  will  prove  both 
interesliog  and  instructive.  On  the  early  voyagers  and  dis- 
covereis  in  the  South  I  must  touch  but  briefly,  in  order  to  dwell 
mote  fully  00  the  more  recent  and  important  ones. 

'Ilie  first  voyage  on  which  discoveries  were  made  south  of 
Cape  Horn  was  that  of  one  of  five  Dutch  ships,  fitted  out  at 
Rotterdam  in  1599-  The  "Good  News,"  commanded  by  one 
Dirk  Gerritz,  discovered  the  land  known  as  South  Shetbm! ; 
La  Roche  discovered  South  Georgia  in  1675,  and  Kerguelen,  a 
Frenchman,  the  island  known  by  his  name,  or  by  some  as  the 
Island  of  Desolation  of  Cook  \  the  last  named  two  islands  are 
comparatively  not  in  a  high  latitude,  the  first  being  in  54'',  the 
last  in  49'',  still  they  were  important  discoveries  where  so  little 
was  known.  The  Sandwich  group  are  believed  to  have  been 
discovered  in  1 763,  and  have  since  been  seen  by  various 
navigators.  Auckland  Island  was  discovered  by  Bristow  in  1 806, 
Campbelllslandby  HazleburghiniSio,  and  Heard  and  McDonald 
Islands  by  Captain  Heard  of  the  United  Stales'  ship  "  Oriental," 
and  by  Captain  McDonald  of  the  English  ship  "Tamarang." 

Cook  made  no  discoveries  in  the  Sooth,  although  he  sailed 
over  such  a  vast  space,  but  his  voyage  was  of  thu  consequence. 
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in  the  paiaUeb  of  latitude  he  sailed  along  wc  knew  that  for 
any  large  tract  of  land  we  must  look  further  South. 

The  expedition  of  Bellingshausen  in  the  two  Russian  vessels 
''Vostok"  and  ''Mimi"  was  in  like  manner  not  of  so  much 
consequence  from  its  discoveries  as  from  its  non-discoveries.  He, 
like  Cooky  sailed  through  a  great  many  degrees  of  longitude  in 
which  no  land  was  seen,  although  he  did  discover  two  islands  in 
a  higher  degree  of  latitude  than  any  then  known,  namely,  Petia 
and  Alexander  Islands,  both  in  about  latitude  69°;  these  were 
discovered  in  January,  182 1.  I'he  highest  latitude  obtained  by 
Cook  was  71°  15'  on  the  30th  of  January,  1774.  Bellings- 
hausen's highest  was  70°  on  the  9th  of  January,  182 1. 

In  1 8 18,  a  Mr.  William  Smith  of  Blyth,  on  his  passage  round 
Cape  Horn,  re-discovered  the  land  known  as  South  Shetland, 
also  some  land  to  the  southward  of  it ;  on  his  arrival  in  harbour 
he  reported  his  discovery  to  the  English  admiral,  who  sent  the 
small  vessel  attached  to  his  flagship,  in  command  of  Mr. 
firansfield  (the  master  of  the  flagship)  to  examine  the  locality. 
Mr.  Bransfield  confirmed  Mr.  Smith's  discovery  and  added 
to  it  a  portion  of  land  which  Jhe  called  "  Bransfield  land." 

The  South  Orkneys  were  discovered  by  Captain  George  Powell, 
in  the  sloop  "  Dove,"  on  the  6th  of  October,  1821. 

We  next  come  to  our  countryman  Weddell,  an  officer  in  the 
Navy,  who  left  England  in  December,  1822,  with  two  small 
vessels,  the  "  Juno  "  and  the  "Beaufoy,"  one  160  tons  burthen, 
the  other  a  small  cutter  of  65  tons ;  this  was  a  commercial 
expedition,  the  object  being  to  obtain  seal  skins.  In  January, 
1823,  he  crossed  the  Antarctic  circle  in  longitude  30°  West,  and 
on  the  20th  February  in  nearly  the  same  meridian  he  reached 
latitude  74°  15',  that  being  185  miles  further  south  than  any 
navigator  that  preceded.  "  I  would  willingly,"  says  that 
intrepid  navigator,  "have  explored  to  the  south-west,  but 
considering  the  lateness  of  the  season,  and  that  we  had  to  pass 
homeward  through  a  thousand  miles  of  sea  strewed  with  ice 
islands,  I  could  not  determine  otherwise  than  to  take  advantage  of 
this  favourable  wind  for  returning."  The  gallantry  displayed  in 
this  bold  push  south  can  scarcely  be  understood  or  appreciated 
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by  those  unacquainieil  with  the  nature  of  such  a  cruise,  every 
mile  of  advance  increasing  in  a  compound  ralio  the  risk  in  (he 
return  ;  and  whatever  may  be  the  extent  of  our  future  discoveries 
in  the  south,  there  is  not  a  doubt  but  that  the  name  of  Wcddeil 
will  ever  hold  its  own  for  gallantry  and  daring  pluck. 

The  next  voyage  of  consequence  was  ihai  of  Biscoe,  also  a 
coniinercial  undertaking,  fitted  out  by  that  spirited  and  enter- 
prising merchant,  Mr.  Enderby.  Biscoe  left  England  in  1830, 
and  in  February,  1831  discovered  land  which  had  the  appearance 
of  being  a  continuous  line  of  mountainous  coast ;  to  this  he  gave 
the  name  of  his  employer,  and  called  it  "  Enderby  land,"  and  the 
next  year  he  discovered  that  range  of  land  called  "  Graham's 
jlsjid,"  on  which  he  landed.  In  this  voyage  Biscoe  passed  over 
l6o"  of  longitude  within  the  parallel  of  60'^,  50  of  which  were 
within  the  antarctic  circle.  Many  "  appearances  "  of  land  are 
jTCCOided  in  Biscoe's  journal,  but  to  bis  honour  he  would 
not  map  any  but  what  he  was  sure  coultl  not  be  gainsaid. 

All  honour  be  to  men  like  Weddell,  Biscoe,  and  Balleny,  these 
tnie  pioneers  of  science,  who  without  the  appliances  of  govem- 
ment,  with  ships  totally  unhttcd  to  the  work,  dared  [Krils  which 
ft  brave  man  with  all  those  appliances  might  well  hesitate  to 
attempt,  and  here  I  would  beg  to  digress  for  three  minutes  of  the 
clock  to  apply  a  question.  Why  men  such  as  these  who  bring  so 
much  honour  on  our  country  should  nationally  be  unnoticed  and 
unrewarded  ?  The  soldier  or  sailor  dares  the  danger  of  a  battle 
iJDT  a  few  hours,  some  even  not  in  danger,  yet  all  that  survive  ate 
decorated  with  a  medal,  private  as  well  as  general,  sailor  as  well  as 
admiral,  whereas  in  the  pursuit  of  science  let  the  sacrifice  and 
danger  be  what  they  may,  let  one  scale  the  lofty  summit  of  the 
Himalayas,  penetrate  the  icy  regions  to  the  very  pole,  subject 
fcimself  to  the  influences  of  the  deadly  Niger,  or  devote  a  long 
and  valuable  life  in  the  pursuit  of  some  great  discovery.  What  is 
his  national  reward  i*  verily  nil.  They  manage  these  things  better 
in  i-'rance,  for  while  I.everrier  for  the  discovery  of  the  planet 
{Neptune  had  honours  showered  on  him  by  his  government,  those 
accorded  to  Charles  Adams  for  the  contemporary  discovery  by 
ours  were — none. 
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Another  small  patch  of  land  was  discovered  in  1833,  near 
Enderby  land,  by  Captain  Kemp  of  the  sealing  schooner 
"  Magpie." 

An  expedition  of  Mr.  Eaderby's  ships  in  1839  went  south,  the 
"  Eliza  Scott "  and  "  Sabrina."  commanded  by  Mr.  Balleny,  and 
discovered  a  group  of  islands  in  latitude  66}°,  on  the  gth  of 
February  of  that  year ;  and  a  fortnight  after  they  thought  they 
saw  the  land,  ami  a  few  days  after,  again  the  appearance  of  land 
was  noted,  to  this  last  appearance  he  gave  the  name  of  "  Sabrina 
land,"  and  as  these  appearances  of  land  agreed  in  position  with 
part  of  that  discovered  next  year  by  the  Americans,  there  cannot 
be  a  doubt  it  was  land. 

In  the  years  1837  and  1838,  two  expeditions,  one  French  and 
the  other  American,  were  fitted  outforthe  purpose  of  discovery  and 
scientific  research  ;  the  former  had  for  its  commander  the  talented 
and  unfortunate  Dumont  D'Urville,  and  the  latter.  Lieutenant  and 
Commander  Wilkes.  The  French  expedition  consisted  of  two  ships, 
the  "Astrolabe"  and  "  Zebe,"  and  the  American  of  several 
vessels.  I'hese  two  expeditions  pursued  their  voyage  to  different 
parts  of  the  world,  making  important  additions  to  the  world  of 


About  this  time  the  illustrious  Gauss  and  Weber  turned  their 
attention  to  the  increasing  importance  of  terrestrial  magnetism : 
the  synchronous  perturbations  of  the  needle  at  widely  separated 
stations,  even  to  the  minutest  vibrations,  had  caused  magnetic 
observations  to  be  established  in  various  positions  in  Europe,  but  as 
these  were  confined  to  a  small  portion  of  the  earth's  surface,  it 
became  a  desideratum  to  obtain  a  series  of  observations  at  distant 
and  widely  separated  points ;  this  was  done  and  with  the  same 
result. 

The  newly  organised  British  Association  for  the  Advancement 
of  Science,  at  this  time  took  up  the  cause  of  magnetism,  and 
through  them  the  Royal  Society  ;  both  bodies  united  in  urging  on 
the  Government  of  the  day  the  necessity  of  an  expedition  being 
sent  to  the  southern  regions,  the  principal  object  of  which  shottld 
be  magnetism,  by  asceriainmg  the  position  of  the  south  magnetic 
pole  J  the    result    was    the    fitting   out   of    the   "  Erebus "   and 
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"TcjTor."  The  command  was  given  most  appropriately  to  the 
(Jiscovercr  of  the  North  Magnetic  Pole — James  Clark  Ross — 
than  whom,  1  believe,  to  this  day  it  is  allowed,  a.  better  could  not 
have  been  selected,  at  once  an  experienced  Arctic  navigator,  a 
A  good  seaman,  and  a  man  of  science.  The  second  in  command. 
Captain  Croder,  lost  his  life  as  second  in  command  in  Sir  John 
Franklin's  ill-fated  expedition  to  ihe  North. 

auss  from  thei>retical  calculations  assigned  a  position  to  the 
south  magnetic  pole  in  latitude  66°.  longitude  146*^  E.  as  an 
approximaiion  :  some  asserted  that  the  southern  hemisphere  con- 
tained two  magnetic  poles.  This  theory  (lauss  refuted,  for  he 
said  that  if  there  were  two  there  must  of  necessity  be  three,  as 
the  needle  from  being  vertical  at  one  pole,  must  on  its  being 
transpirted  to  the  other  pole,  have  some  intermediate  point 
where  the  needle  would  be  again  vertical.  However,  on  the  former 
theory.  Captain  Ross  received  his  instructions  to  proceed  to  the 
south  in  that  longitude. 

The  "  Erebus "  and  "  Terror  "  sailed  from  England  in 
September,  1839,  left  permanent  magnetic  observations  at  Si. 
Helena  and  the  Cape  of  Good  Hope,  remained  three  monihs  at 
Kcrguelen's  land,  and  arrived  at  Hobarton  in  .August,  1840.  To 
Captain  Ross's  surprise  he  learnt  on  his  arrival  that  the  French 
and  American  expeditions,  already  mentioned,   had  anticipated 

s  route  and  been  south  in  the  very  direction  they  must  have 
known  he  was  ordered  to  proceed  iu.  The  American  expedition, 
tj  doing  this,  carried  out  a  part  of  ihe  programme  of  their  voyage 
already  determined  on,  but  no  doubt  both  the  commanders  were 
inspired  by  an  honourable  emulation  for  their  respective  countries, 
to  be  the  discoverers  of  the  south,  as  England  had  been  of  the 
north  magnetic  pole. 

In  1838,  D'Urville  bad  proceeded  s'luth  from  Cape  Horn  and 
rediscovered  the  land  I  have  already  mentioned  as  having  been 
discovered  by  Smith  and  Bransfield,  and  also  an  extension  of  it 
which  he  carefully  mapped  and  named  "  I.ouis  Philippe,"  and 
**  Joinville  lands." 

The  second  voyage  south  of  this  expedition  took  place  in  January, 
1840.  On  the  I  St  it  left  Hobarton.  ]>roc«eding  south  in  the  direction 
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of  Gauss's  magnetic  pole  and  discovered  laud  on  the  19th  in  the 
latitude  of  the  antarctic  circle,  this  land  was  traced  150  miles  and 
D'Urville  named  it  "  Terre  Adelie."  Proceeding  westward 
discovered  about  60  miles  of  solid  ice  which  he  believed  to  be 
but  a  coveting  of  ihc  land;  he  named  it  "  Cote  Clarie."  Afba 
suffering  much  from  the  weakness  of  their  crews,  the  two- 
vessels  returned  to  Hobarton  after  an  absence  of  only  semi 
weeks. 

In  justice  to  the  French  it  must  be  remembered  that  the  crews 
had  suifered  from  the  debiUtatiag  effects  of  a  long  cruise  in 
tropical  climates,  nor  were  the  ships  sufficiently  fortified  to  stand 
the  enormous  pressure  of  ice  if  they  had  got  entangled  in  the 
pack,  so  that  much  praise  is  due  for  the  perseverance  they 
manifested. 

We  come  now  to  the  American  expedition  under  Lieutenant 
Wilkes ;  and  with  regard  to  his  discoveries,  1  think,  it  will  be  seen 
very  clearly  that  the  error  into  which  he  fell  was  one  quite 
natural  and  pardonable  in  one  who  bad  had  no  experience  in 
polar  regions,  viz.,  tliat  of  mapping  appearances  of  land  as  land, 
where  the  illusion  is  so  great  as  often  to  deceive  those  who  have 
had  experience,  and  perhaps  I  might  add,  the  wish  being  father 
to  the  thought  of  being  a  great  discoverer  in  those  regions  helped 
the  illusion,  and  had  not  that  gentleman  so  persistently  claimed 
all  the  land  he  mapped  as  bonSt fide,  much  allowance  would 
have  been  made  and  much  unpleasant  comment  would  have  been 
avoided. 

The  American  expedition  sailed  from  Sydney  on  the  26lh  of 
December,  1839,  and  on  the  I3lh  January,  1840,  "something  like 
distant  mountains  was  thought  to  be  discerned  to  the  south-east," 
and  a  range  of  hills  of  about  50  to  60  miles  was  mapped  ;  a 
nearer  approach  was  impossible,  in  consequence  of  an  icy 
barrier.  Skirting  this  barrier  to  the  westward,  on  the  16th 
appearances,  believed  at  the  time  to  be  land,  were  visible,  and 
Mr.  Wilkes  claimed  the  discovery  of  the  Antarctic  continent 
from  that  date.  On  the  morning  of  the  19th,  one  hundred  miles 
to  the  eastward  in  Mr.  Wilkes's  opinion,  the  land  was  certainly 
visible,  and  th-s  opinion  was  confirmed  by  some  of  the  oldest 
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and  most  experienced  seamen  on  board.  Mr.  Wilkes  says, 
"There  now  being  no  doubt  in  any  mind  of  land,  ii  gave  an 
exciting  interest  to  the  cruise."  On  the  Jjrd,  the  appearance 
of  land  was  observed  to  the  eastward,  near  the  spot  inferred 
by  Gauss  as  the  |K>sition  of  the  magnetic  pole ;  the  dip  of  the 
needle  was  found  to  be  87°  30'.  On  the  18th  and  30th  they  had 
the  land  then  in  plain  view,  and  on  the  latter  day  they  ap> 
proached  within  half  a  mile  of  the  dark  volcanic  rocks 
in  Piner's  Bay,  the  land  gradually  rising  beyond  the  ice 
to  the  height  of  3000  feet,  covered  with  snow,  and  extending 
east  and  west  of  thtir  position  fully  60  miles.  This  was  in  lati- 
tude 66°  45',  longitude  140"  i'  E, ;  all  being  then  convinced  of  the 
existence  of  land,  it  was  named  the  Antarctic  continent.  On  the 
evening  of  the  8th  of  February,  the  outline  of  the  continent 
appeared  distinct  though  distant,  and  on  the  loth,  in  longitude 
1 30^  E.  they  saw  an  appearance  of  land,  although  indistinctly  ; 
this  was  Sabrina  land.  On  the  iilh  and  13th,  land  was 
distinctly  visible  3000  feet  high,  and  then  none  until  the  17th, 
when  appearances  of  land  were  seen,  and  this  terminated  the 
discoveries  of  the  .American  expediiion.  The  whole  distance 
»long  the  Antarctic  continent  considered  as  explored  lieing  1500 
miles. 

Lieutenant  Wilkes  in  his  narrative  says,  "  The  credit  of  these 
discoveries  has  been  claimed  on  the  port  of  one  foreign  nation, 
mnd  their  extent,  nay  actual  existence,  called  into  question  by 
another ;  "  and  again,  "  Each  of  these  nations,  with  what  inlent  1 
shall  not  stop  to  inquire,  has  seemed  disposed  to  rob  us  of  the 
honour  by  underrating  the  importance  of  their  own  exertions  and 
would  restrict  the  Antarctic  land  to  the  small  parts  they 
I  respecrively  saw." 

Without  delaying  to  consider  whether  600  miles  of  connected 
I  coast  with  upwards  of  400  miles  of  everlasting  ice  may  be  con. 
k  mdered  a  small  part,  I  will  briefly  examine  Mr.  Wilkes's  title  to 
the  discovery  of  the  Antarctic  continent.  There  can  be  no  doubt 
j  that  the  foreign  nation  that  claimed  the  priority  of  discovery  re-  1 
\  fcrred  to  is  the  French,  who  discovered  Adelie  land  on  the  19th  of 
I  January,  but  I  distinctly  dispute  either  being  the  discoverers,  and 
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claim  it  for  our  own  country  and  due  to  our  own  countryman 
Balleny,  who  in  the  preceding  Febniary  had  discovered  the  inlands 
that  bear  his  name,  and  in  March  that  named  by  him  Sabrina  land ; 
this  latter  discovery  being  confirmed  by  Wilkes  himself.  Therefore, 
in  respect  to  the  priority  of  the  discovery  of  the  continent  (if  it  be 
one),  that  puts  both  the  foreign  claimants  "  out  of  court."  And 
if^as  Mr.  Wilkes  is  satisfied  is  the  case — the  land  he  discovered 
continues  in  an  uninterrupted  line  to  Enderby  land,  then,  by  his 
own  admission,  to  Biscoe  is  the  honour  due. 

If  the  extent,  nay  the  actual  ejtistence,  of  his  discoveries  are 
questioned,  Mr.  Wilkes  has  only  his  own  evidence  to  blame 
for  it  j  as  to  the  actual  existence,  I  do  not  know  where  that  has 
been  called  in  question,  but  that  considerable  doubt  exists  a£  to 
what  is  land  and  what  is  not  of  what  he  mapped  is  proved  by  the 
fact  that  many  geographers  do  not  insert  it  on  their  maps,  and 
we  cannot  feel  surprised  that  such  is  the  case,  considering  the 
grounds  on  which  ihe  land  was  laid  down. 

Mr.  Wilkes  considered  himself  justified  in  placing  thfe  first 
portion  on  ihe  chart,  because  "  something  like  distant  mountains 
was  thought  to  be  discerned  ;"  then  another  portion  was  added, 
because  "appearances  believed  at  the  time  to  be  land"  were 
seen.  Again,  on  Ihe  morning  of  the  19th,  in  Mr.  Wilkes's 
opinion  land  was  certainly  visible ;  with  these  opinions,  which  all 
imply  a  doubt,  there  was  "  no  doubt  of  the  discovery  of  land." 

On  the  23rd  the  appearance  of  land  was  observed,  another 
insertion,  and  five  days  after  Lieutenant  Wilkes  at  last  says  : 
'■  We  had  the  land  now  plain  in  view ;  "  and  on  the  30th,  "  now 
that  all  were  convinced  of  its  existence  1  gave  the  land  the  nai 
of  the  Antarctic  Continent."  Thus  it  will  be  seen  that  until 
the  28th  there  was  always  some  doubt,  and  until  the  30th  all  were 
not  convinced. 

I  have  carefully  considered  what  may  reasonably  be  granted 
to  have  been  laud,  and  what  still  requires  confirmation,  and 
have  recorded  both  on  the  chart  now  before  you. 

In  justice  to  the  American  commander,  it  must  be  observed 
that  his  ships,  like  the  Freuch,  were  totally  unfitted  by  want  of  the 
necessary  fortification,  for  attempting  to  press  through  the  icy 
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bttirier  he  met  with,  and  there  can  scarcely  be  a  doubt  had  he 
done  so,  his  ships  would  have  been  crushed,  so  that  in  com- 
menting on  the  value  to  be  attached  to  his  discoveries,  1  have  no 
intention  of  depriving  him  of  the  great  credit  due  to  his  per* 
severance  and  energy,  nor  did  he  relinquish  the  exploration  until 
obbged  in  order  to  recruit  his  exhausted  crews. 

After  establishing  a  magnetic  observatory  at  Hobarlon,  Captain 
Ross  with  the  Erebus  and  Tenor  sailed  on  the  24th  of  November, 
1840,  visited  Auckland  and  Campbell  Islands,  and  then  struck^ 
■outh  in  the  170th  meridian  of  east  longitude.  On  the  28lh  of 
December  the  first  iceberg  was  seen  in  latitude  63!°.  The  first 
sight  of  one  of  these  enormous  masses  is  most  interesting  ;  unlike 
those  of  the  north  they  have  generally  nothing  fantastic  about  them, 
but  resemble  huge  twelfth  cakes  well  sugared,  while  the  sides  an 
a  delicate  blue,  increasing  in  the  cracks  and  fissures  to  an  intense 
cobalt.  1  do  not  hardly  know  how  I  can  bring  to  your  ideas 
what  a  large  iceberg  is,  but  I  will  attempt  it.  If  you  suppose  a 
berg  put  down  on  the  dty  of, London,  it  would  blot  it  out; 
that  is  to  say,  it  must  be  7  miles  long  by  about  4  or  5  miles 
broad,  and  if  you  imagine  the  height  of  the  monument, 
it  will  give  you  some  idea  of  the  height  of  an  iceberg.  But  only 
to  some  extent,  because  you  must  recoll(K:t  that  only  a  com- 
paratively small  portion  of  an  iceberg  is  above  water  ;  if  it  is  aoo 
feet  above  the  sea,  it  is  1400  or  1 500  feet  below.  If  then  you 
Miempt  to  calculate  the  number  of  tons  of  ice  contained  in  such 
a  mass,  you  will  see  that  the  figures  would  be  very  large  indeed. 

It  is  while  sailing  near  and  beneath  one  of  these  mighty 
works  of  creatioii,  when  the  very  breath  is  held  in  awe,  the 
feeling  of  chill  from  the  berg  acting  on  the  senses,  ami  the 
consciousness  that  if  a  small  portion  were  detached  from  the  top, 
what  the  fate  of  the  cockle-shell  of  a  ship  beneath  would  be, 
that  the  consideration  steals  over  one  of  the  insignificanc-e  of 
man's  works,  when  placed  in  juxtaposition  with  those  of  his 
maker. 

Proceeding  south  they  encountered  pack  ice  on  the  Antarctic 
Circle,  and  as  this  was  the  latitude  in  which  both  French  and 
Americans  had  made  land,   it  was  supposed  that  the  ships  were 
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approaching  land  also,  but  Captain  Ross  at  once  pushed  into  th« 
pack,  and  by  dint  of  perseverance  a  distance  of  loo  miles  was 
accomplished  in  three  days.  1  may  here  remark  that  pack  ice  in 
the  south  consists  of  an  accumulation  of  lumps  and  small  masses, 
generally  from  i  o  to  i  oo  feet  in  thickness,  interspersed  with  bergs, 
and  of  uncertain  extent,  the  navigation  of  which  is  extremely 
difficult,  and  at  times  hazardous. 

Great  was  the  joy  of  our  navigators  at  finding  themselves  in 
an  open  sea ;  the  young  and  inexperienced  now  thought  that 
nothing  was  to  be  done  but  to  sail  on  and  gain  the  pole  itself; 
not  so  their  elder  and  more  experienced  companions.  They  were  as 
delighted  as  the  young  to  see  clear  water,  but  knew  full  well  the 
probabilities  against  reaching  a  high  latitude  ;  the  consequence 
was,  when  any  check  was  received  the  former  were  all  disappointed 
and  dejected,  while  the  latter  were  as  cool  and  calm  as  if  they 
expected  to  meet  that  very  difficulty  in  that  very  spot ;  and 
experience  soon  taught  youth  that  it  was  not  by  impatience,  or 
rushing  at  anything  that  great  ends  were  to  be  attained,  but  by 
steady  perseverance  and  patience. 

Shaping  his  course  towards  the  great  object  of  his  voyage,  the 
magnetic  pole,  on  ihe  nth  of  January,  1841,  at  2  in  the  morning, 
high  land  was  seen  distant  100  miles.  Those  who  have 
experienced  it,  will  know ;  to  those  who  have  not,  it  is 
impossible  to  describe  the  feelings  with  which  one  first  views  land 
on  which  the  eye  or  foot  of  human  being  has  never  rested  ;  the 
sensation  of  pleasure,  excitement,  and  curiosity,  then  experienced 
can  never  be  forgotten. 

This  the  most  southern  known  land  in  the  world,  appeared 
quite  close  in  the  morning,  owing  to  its  height  and  the  extreme 
clearness  of  the  atmosphere.  On  approaching  they  found  it 
a  mass  of  icy  mountains,  from  two  to  10,000  feet  high,  stretching 
to  the  southward  and  also  to  the  north  westward,  the  sea  front 
being  perpendicular  glacial  ice.  An  attempt  was  made  to  land 
that  evening,  but  failed. 

Proceeding  to  the  southward,  a  landing  was  effected  the  next 
day  on  an  island  oif  the  coast.  I  was  one  of  the  party  that 
landed  ;  we  had  much  difficulty  to  get  on  terra  firma,  for  a  fringe 
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of  ice  had  formed  on  the  rocks,  which  prevented  our  getting 
a  footing,  as  we  were  obliged  to  leap  from  the  boat.  However,  we 
all  got  on  shore  without  accident,  and  possession  was  proclaimed 
of  the  surrounding  lands  in  the  name  of  our  most  gracious 
Sovereign,  after  whom  the  main  land  was  named,  and  the  British 
flag  waved  over  her  most  southern  dominions,  while  three  hearty 
cheers  resounded  on  land  where  the  human  voice  was  never 
before  heard,  and  which  cheers  greatly  astonished  a  sturdy  race 
of  penguins  by  whom  the  island  was  inhabited,  and  who  almost 
disputed  a  landing,  and  could  well  have  done  so  had  they  known 
how  to  apply  their  energies,  for  they  were  a  countless  multitude 
langed  in  rows  on  every  ledge  of  rock  from  the  summit  to 
the  water's  edge.  The  weather  appearing  threatening,  the  stay 
was  short  and  much  to  be  done  ',  every  one  was  busy,  the 
ornithologist  was  shooting  birds,  the  botanist  with  eager  eyes  was 
■eaidung  every  crevice  of  the  rocks,  hoping  to  find  only  one  little 
lichen  to  reward  his  toil.  Alas!  he  was  disappointed,  he  bad  got 
beyond  the  bounds  of  the  vegetable  world  :  the  magnetometricians 
were  taking  a  few  observations  with  their  pet  dipping  needle.     I 

is  doing  the  same  with  my  theodolite,  whilst  others  were  load- 

g  themselves  and  the  boats  with  stones,  penguins,  etc. 

The  island  was  found  to  be  entirely  composed  of  igneous  rock 
on  which  a  glacier  had  formed,  and  which  projected  liu-  out  into 
Ihe  sea.  A  signal  from  the  ships  warned  our  party  that  a  fog  was 
coming  down,  which  caused  a  speedy  embarkation,  and  we  were 
too  soon,  for  scarcely  had  we  reached  the  ships  when  a  dense 
fog  enveloped  them. 

Proceeding  south  the  land  was  traced,  and  on  the  33rd 
Weddell's  highest  latitude  74°  1  5' was  passed,  on  which  occasion 
the  main  brace  was  spliced. 

On  the  i7lh  Franklin  Island  in  latitude  76°  was  discovered  and 
knded  on,  and  the  next  day  two  mountains  were  seen  to  the 
•outh  at  a  distance  of  lao  miles;  from  one,  flame  and  smoke 
issued;  this  was  13,400  feet  high,  and  was  appropriately  named 
Mount  Erebus;  its  companion.  10,000  feet  high,  was  named 
Mount  Terror.     The  discovery  of  an  active  volcano  in  so  high 

latitude  was  extremely  inter&ting. 
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From  the  eastern  point  of  Mount  Terror,  Cape  Bird,  a  perfect 
wall  of  ice,  was  seen  stretching  to  ihe  eastward  far  as  the  eye 
could  reach ;  its  appearance  was  unifomi,  without  much  indentation, 
ils  height  varying  from  1 50  to  200  feet ;  no  land  was  seen  behind 
or  to  the  southward  of  it. 

Great  exdlenient  was  naturally  caused  by  these  discoveries,  and 
great  were  the  hopes  entertained  as  the  ihips  proceeded  to  the 
eastward  along  the  face  of  this  formidable  barrier,  that  the 
comer  would  be  reached  round  which  they  would  again  be  able 
to  proceed  south  ;  but  hour  after  hour,  and  day  after  day  passed, 
iviih  increasing  wonder  in  the  minds  of  all,  without  reaching  the 
comer,  and  after  tracing  it  through  25°  of  longitude,  pack  ice 
prevented  further  progress.  Meeting  with  this  obstruction  wa 
great  disappointment.  Here  was  a  barrier,  indeed,  that  seemed  to 
say,  "Thus  far,  and  no  further,"  and  Captain  Ross  very 
graphically  says  of  il :  "  It  was  of  such  a  character  as  to  leave 
no  doubt  upon  my  mind  as  to  our  luture  proceedings,  for  we 
might  with  equal  diance  of  success  try  to  sail  through  the  cliffs  of 
Dover,  as  to  penetrate  through  such  a  mass."'  A  remark  he  made 
at  the  time  may  give  some  idea  of  his  opinion ;  comparatively,  he 
said,  that  "until  then  he  had  never  seen  ice."  After  one  day's  sailing 
along  it,  I  heard  one  of  the  men  remark  that  the  barrier  "  must 
be  the  grandfather  of  all  the  icebergs."  The  disappointment 
was  general,  although  a  latitude  had  been  reached  at  10  f.u. 
the  4th  of  February  (deduced  from  an  observation  of  the  s 
under  the  pole,  at  midnight)  of  78°  4'. 

Retracing  their  steps  the  ships  penetrated  ihrough  several  miles 
of  new  or  pancake  ice,  into  a  bay  westward  of  -Mount  Erebus  ; 
rather  a  dangerous  proceeding,  as,  should  the  wind  fail  for  a  short 
time,  the  ships  would  have  stood  a  good  chance  of  being  bozen 
in ;  but  as  it  was  the  direct  path  to  the  magnetic  pole,  Captain 
Ross  was  naturally  anxious  to  approach  it  as  nearly  as  possible, 
On  the  [Sth  of  February  the  dip  of  the  needle  was  88''  59',  or 
only  about  160  miles  from  the  magnetic  pole.  It  may  be  possible 
to  get  a  few  miles  nearer,  but  as  the  land  was  only  10  or  1  j  miles 
distant,  and  that  lai:d  impassable  in  the  direction  of  the  pole,  it 
is  not  probable  that  any  one  will  ever  effect  a  nearer  approach 
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Whilst  in  this  bay  many  splendid  views  of  Mount  Erebus  in 
eruption  were  seen,  but  not  to  advantage,  for  want  of  darkness. 

Returning  north  to  the  point  first  discovered,  the  examination 
of  the  coast  to  the  north-west  was  continued.  Captain  Ross  was 
most  anxious  to  discover  a  harbour  in  which  to  winter,  and  in  his 
enthusiasm  I  heard  him  say  that  he  would  give  his  right  arm  to 
discover  a  harbour ;  but  if  there  were  harbours  they  were  so 
blocked  up  with  ice,  and  to  a  considerable  distance  seaward,  as  to 
be  impracticable,  so  there  was  do  alternative  liut  to  return. 

On  the  4lh  March  fialleny  islands  were  clearly  seen.  A  gale 
springing  up  that  evening,  the  ships  were  in  a  critical  position, 
for  having  a  tracing  t.if  Lieutenant  Wilkes's  chart  on  board,  the 
continent  mapped  out  by  him  was  under  our  lee,  but  after  an 
anxious  night,  to  the  surprise  of  all  no  land  was  in  sight  from  the 
crow's  nest,  and  at  noon  on  the  6th  the  latitude  and  longitude  of 
both  ships  placed  them  on  the  site  with  no  bottom  at  600 
fathoms.  This  was  the  land  "  thought  to  be  discerned,"  but,  as 
I  have  already  commented  on  it,  it  is  only  necessary  to  say  that 
it  must  have  been  one  of  tliose  illuuve  appearances  of  land 
alluded  to. 

The  Erebus  and  Terror  arrived  in  safety  at  Hobarton  on  the 
6th  of  April,  after  an  absence  of  6  months,  and  without  a  man 
on  the  sick  list  in  either  ship. 

Captain  Ross  had  now  the  satisfaction  of  hearing  that  Professor 
Gauss  had,  during  the  absence  of  the  ships  to  the  south, 
recalculated  the  position  of  the  magnetic  pole,  and  placed  it 
considerably  to  the  southward  of  the  position  he  had  formerly 
assigned  to  it,  and  only  a  short  distance  from  its  actual  position 
as  discovered  by  Captain  Ross.  As  the  first  voyage  south  of 
Captain  Ross  was  the  most  important,  in  regard  to  discovery,  I 
shall  get  over  the  other  two  more  rapidly. 

On  the  J3rd  November,  1S40,  the  ships  left  the  Bay  of  Islands, 
New  Zealand,  and  proceeded  south,  considerably  to  the  eastward 
of  the  course  taken  the  y«ai  before,  or  in  the  isoth  meridian  of 
west  longitude;  they  encountered  the  pack  in  latitude  61'  and 
entered  it,  but  they  were  not  fated  to  gel  so  quickly  through  it  as 
tliey  did  the  preceding  year,  fur  in  a   few  days  the  ice  became 


very  heavy.  From  the  2ind  December  to  the  2nd  February,  41 
days,  they  did  not  advance  more  than  200  miles  ;  on  that  day,  the 
and,  they  cleared  the  pack,  escaping  many  dangers. 

In  a  gale  in  the  pack  which  mote  resembled  an  earthquake  than 
a  storm  at  sea,  the  Terror  had  her  rudder  torn  from  her  stern-post 
by  a  piece  of  ice,  although  the  fastenings  were  those  of  a  line  of 
battle  ship  ;  the  Erebus  had  the  head  of  her  rudder  wrung. 
Although  the  season  was  far  advanced.  Captain  Ross  persevered, 
keeping  along  the  pack  edge  until,  on  the  23rd  February,  the  mighty 
barrier  was  sighted,  and  passing  through  a  quantity  of  newly 
formed  ice,  the  highest  southern  latitude  ever  attained  was 
reached,  viz.,  78°  ii',  this  being  4°  further  than  any  of  our  own 
countrymen,  and  8°  further  than  any  foreigner.  This  position 
was  but  a  short  distance  to  the  eastward  of  the  highest  latitude  of 
last  year.  The  barrier  at  this  point  was  more  irregular,  and  there 
was  a  strong  appearance  of  land,  and  which  I  believe  was  land. 

It  was  a  nice  point,  and  a  point  of  honour,  as  to  which  ship 
would  be  the  most  advanced,  but  the  pancake  ice  so  marked  the 
track  of  each  ship  that  alter  the  Erebus,  which  was  the  leading 
ship,  had  tacked.  Captain  Crozier  was  enabled  to  put  his  helm 
down  on  the  spot  Captain  Ross  did,  so  there  could  be  no  dispute  ; 
one  man  indeed  boasted  of  having  been  further  south  than  his 
companions,  as  he  was  on  the  jibboom  when  the  helm  was 
put  down. 

It  would  occupy  too  much  time  to  give  you  an  account  of  the 
dangers  and  difficulties  that  had  to  be  encountered  before  reach- 
ing this  high  latitude;  to  tell  that  at  times  when  blowing  hard, 
the  spray  {which  only  freezes  at  28°  when  still)  fro;ie  as  it 
flew  over  the  ships  before  it  reached  the  decks  or  rigging,  encrust- 
ing every  part ;  that  it  occupied  the  seamen  hours  with  axes  and 
sticks  to  clear  the  blocks  and  ropes,  to  perform  the  most 
ordinary  evolution ;  how  that  the  strength  of  strong  men  was 
reduced  to  that  of  infants,  from  the  uncertainty  of  their  footing 
and  hold  ;  and  ail  this  in  the  very  height  of  summer,  when,  if  it 
had  not  been  for  the  all  protecting  hand  of  Him  "  who  stilleth  the 
storms  and  the  waves,"  all  their  efforts  would  have  been  indeed 
in  vain. 
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Returning  nttrth  with  nights  leogthening  and  days  shortening, 
the  navigation  was  extremely  dangerous,  thousands  of  bergs  stud- 
ded the  seas  that  had  to  be  ]>assed  through.  Little  can  you  who  in 
retiring  to  your  rest  at  night  and  whose  greatest  fear  when  die 
storm  is  loud,  is  that  a  few  tiles  ur  a  chimney-pot  may  be  blown 
off  your  dwellings, — little  can  you  imagine  the  anxiety  of  one 
night  in  these  seas,  knowing  not  when  you  lie  down  if  you  will  ever 
rise  again,  and  feeling  and  knowing  that  a  collision  with  one  of 
these  monsttrs  of  the  pole  would  summon  you  in  a  very  few 
minutes  to  the  presence  of  your  Maker.  Some  idea  of  the  anxiety 
felt  may  l>e  gathered  from  the  fact  that  some  of  the  sestnen  even 
deferred  sleep  night  after  night,  snatching  what  haaty  repose  they 
could  during  the  day,  when  the  danger  was  not  so  great. 

After  being  136  days  without  seeing  land,  the  ships  arrived  in  a 
very  battered  condition, at  the  Falkland  Islands.  Having  refitted 
and  obtained  a  series  of  magnetic  observations  both  at  the  islands 
and  near  Cape  Horn,  on  the  I7lh  of  December  Captain  Ross  again 
left  for  the  south  ;  but  this  season  he  selected  the  5  5th  meridian  of 
West  longitude  in  expectation  of  meeting  a  continuation  of  Louis- 
Philippe  land.  They  met  the  pack,  and,  as  was  expected,  a 
continuation  of  the  land  was  seen,  but  trending  to  the  southward ; 
■nd  on  the  6th  of  January-,  1843,  Captain  Ross  landed  on 
Cockburn  Island,  and  on  this  land  the  most  southern  vegeta- 
tion was  found  ;  the  fl<jra  contains  19  species  —all  mosses,  algie, 
and  lichens.  The  expedition  was  again  beset  in  the  pack  42  days, 
at  times  gaining  a  few  miles  of  southing  and  then  driven  back. 
Most  annoying  was  this  to  be  literally  making  no  progress,  at  the 
same  time  being  kept  in  constant  bodily  exertion  in  extricating 
the  ships  and  repelling  the  attacks  of  the  ice,  and  living  in  cond- 
Dued  alarm  and  anxiety. 

On  the  4lh  of  February  the  ships  were  again  clear  of  the  pack, 
having  added  about  180  miles  of  coast  line  to  the  former  dis- 
coveries. Proceeding  along  the  edge  of  tlie  paik  to  the  eastward, 
with  the  wind  against  them,  was  tedious  work  in  such  dull  sailing 
•hips,  as  the  season  was  far  advanced  and  every  hour  was  of  con- 
Bequence.  Un  the  17th  they  again  struck  south  in  longitude  12" 
On  the  ist  March  they  again  crossed  the  antarctic,  on  the  sth 
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they  teacfaed  tfae  Ingbest  wodieni  tatrtudic  of  dial  scasoR,  71^°, 
wfaen  heavy  pack  ke  and  thick  soowius  weaUber  fotbade  fintho 
progicss,  and  ciNBpelled  Capoia  Ross  to  tsni  tbe  vasels'  heads 
DonhwanI,  Ibr  again  w^Ib^It  to  have  aitacd  the  pack  at  tin 
btc  pcfiod  woaM  hare  been  tittle  short  ofnuKfaKSS.  Again  wete 
ciEperienoed  those  dreadftd  n^its  of  aaxietf  of  which  I  spoke  on 
the  retnni  fiom  the  sooth  the  rear  befbn.  On  the  ■  ith  the  ant- 
arctic was  recrossed  for  die  last  time,  and  numya  heart  with  trath 
and  fervour  thanked  God  for  tfaaL 

On  the  4th  of  April  ibev  arrived  in  Simon's  Bay,  Cape  of  Good 
Hope  ;  frotn  ibeooe  tonching  at  Sc  Helena,  Ascensioo.  aikd  Rio 
Janeiro,  they  reached  Ei^laad  on  the  7th  of  Septemba,  after  an 
absence  of  jost  four  jears,  having  in  that  time  experienced  dobi^ 
tnstances  of  God's  mercy  and  adding  very  many  stones  U  the 
m^ty  cairn  of  His  un&ilit^  providoKe. 

The  last  vo^-aee  made  to  these  dcsolaie  regions  is  that  of  H.H3. 
Challenger  the  year  before  last.  I  oeed  scarcelj  remind  jou  that 
this  ship,  like  the  American  asd  French  expeditions  of  which  I 
have  spoken,  was  not  fitted  out  for  Polar  discovery,  and  tbereforc 
Dot  strengthened  to  i«s  st  the  pressure  of  ice,  and  with  such  a  ship 
it  would  not  have  been  pniijent  to  ento'  the  pack.  Vod  will, 
however,  see  by  the  chart  that  she  crossed  the  antarctic  circle,  btti 
ID  g<nng  so  far  south  it  was  not  with  the  object  of  geograplncal 
discovery,  but  connected  with  the  pbjrsical  condidin  of  the  gmi 
ocean  waters.  She  approached  within  1 5  miles  of  Wilkes's  "  Ter- 
■nnation  land  "  without  seeing  it.  Although  in  the  .American 
narrative  this  land  was  only  supposed  to  have  been  seen,  it  was 
mapped  as  land. 

In  conclusion  I  may  say  that  if  the  necessities  of  astronomers 
require  a  station  in  a  high  southern  latitude,  we  shall,  on  the  re- 
tura  of  the  Alert  and  Wscovery  from  the  North  Pole,  have  a  set 
of  trained  officers  and  men  quite  equal  I  >  the  occasion  of  seeking 
one,  and  without  which  it  would  be  almost  an  impossibitiiy  (o 
attempt  That  the  necessity  may  not  arrive  and  that  the  obser- 
vations of  1874  will  entirely  set  the  matter  of  the  distance  of  the 
sun  friim  the  earth  at  rest,  is  devoutly  to  be  wished  ;  but  of  all 
classes  of  mea  that  1  am  arquaintfd  with,  philosophers  are  the 
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least  satisfied.  Like  Oliver  Twist  they  are  ever  asking  for  more, 
and  if  all  the  calculations  of  all  the  observers  concur  in  esta- 
blishing the  exact  distance,  there  are  sure  to  be  some  who  would 
wish  to  have  that  exact  conclusion  verified,  or  rather  wish  to  dis- 
cover some  discrepancy  in  order  that  they  might  have  an  excuse 
for  asking  for  more  expeditions  to  observe  the  transit  at  the  next 
opportunity — in  a  hundred  years  time ! 

The  Chairman  :  You  have  already  by  your  applause  signified 
your  thanks  to  Captain  Davis,  and  therefore  it  is  hardly  necessary 
for  me  to  ask  you  to  pass  a  formal  vote  of  thanks  to  him  for  his 
exceedingly  interesting  lecture. 


SOME    PROPERTIES  OF  GASES. 

Bv  Professor  Herbert  M'Leod. 


August  ith,  1876. 


Major  Festing,  R.E.,  in  the  Chair. 

The  Chairman  :  Ladies  and  Gentlemen, — I  have  to  introduce 
to  you  to-niglil  Professor  Herbert  M'Leod,  of  the  Engineers' 
College,  Cooper's  Hill,  who  will  give  us  a  .discourse  oa  %. 
subject  which  has,  to  some  extent,  been  treated  of  by  the 
Right  Hon.  Dr.  Playfair,  in  his  lecture  on  "  Some  Properties 
of  Gas."  1  think  there  is  no  further  introduction  needed  od  my 
part. 

Professor  M'Leod  :  I  am  afraid  this  evening  I  am  not  going 
to  show  you  any  fireworks,  but  I  will  endeavour  to  give  you  aa 
explanation  of  some  of  the  instruments  which  are  present  in  the 
Exhibition— some  two  or  three  only,  because  in  this 
collection  it  is  impossible  to  select  more  than  a  very  few  to  illus- 
trate a  single  lecture. 

Gases,  although  ordinarily  invisible,  have  quite  as  real  an 
existence  as  solids  or  liquids.  If  you  take  a  bladder  which  con- 
tains a  small  or  a  large  quantity  of  air,  you  feel,  on  squeezing  it, 
that  there  is  something  in  it.  Now,  that  something  you  will  not 
be  able  to  see.  If  it  were  in  a  glass  vessel  you  would  not  be  able 
to  distinguish  it  in  the  least  by  the  ordinary  process  of  vision. 
But  it  is  capable  of  being  weighed  and  measured,  and  experi- 
mented with  in  various  ways.  Like  solids  and  liquids  these  invis. 
ible  gases  are  attracted  by  the  earth  ;  that  is  to  say,  ihey 
weight,  and  1  want  to  show  you  this.  Possibly  many  of  you  have 
not  seen  air  weighed,  and  I  will  endeavour  to  bring  this  actualljr 
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contains 


Here  is  a  glass  vessel,  which  at  the  present  time 

r,  and  it  is  suspended  on  a  balance,  and  accurately 

counterpoised  by  some  shot  placed  in  the  other  pan  of  the  scale. 

Now  we  will  pump  the  air  oul  of  this  glass  vessel,  and  I  think 

you  will  find  it  will  weigh  less  than  it  did  before ;  it  will,  in  fact, 

become  really  lighter.     I  will  now  exhaust  the  air  from  it ;  and  I 

think  you  will  see  this  comparatively  very  small  quantity  of  air 

which  has  been  removed  from  it  has  been  sufficient  to  upset  the 

counterpoise  of  the  balance.     T  will  hang  it  on  as  before,  leaving 

the  shol  standing  as  previously.     Now  you  will  see  ihe  glass 

vessel  is  lighter  than  before.     Perhaps  you  may  think  there  haa 

been  some  little  conjuring  going  on  ;  bul  to  show  that  is  not  so  I 

will  open  the  stop-cock  and  admit  the  air  again  into  the  glass 

vessel,  and  leave  il  entirely  to  itself,  and  you  will  see  the  balance 

has  been  restored  to  its  original  position.    It  is  not  quite  gone 

back ;    but   probably   the    balance,    which    has    been   a  journey 

of  five-and -twenty  miles,  is  a  Utile  out  of  order.    The  air  actually 

having  weight,  there  must  be  a  pressure  of  air  on  the  surface  of 

the  earth.    The  earth  must  Ijc  pressed  upon  by  the  pressure  of  the 

atmosphere  which  is  above  it ;  and  this  actually  takes  place.    You 

do  not  ordinarily  perceive  this  ;  but  here  is  a  piece  of  bladder, 

which  is  tied  over  a  glass  vessel.     You  do  not  notice  that  there  is 

any  spedal  pressure  on  the  side  of  this  bladder,  because  the  air  ia 

pressing  on  both  sides  of  it ;    it  is  pressing  through  the  open 

I  Vessel  on  the  inner  side,  and  on  the  outside  of  the  bladder  in  an 

■■Opposite  direction  ;  and  these  two  pressures  support  one  another. 

I  But  if  we  remove  one  of  these  pressures  in  part,  which  we  can  do 

I  by  withdrawing  the  air  fnim  the  inside,  then  you  will  see  an  illus- 

I  tration  of  the  effect  pro-luced  by  the  pressure  of  the  air  on  the 

I  outside.    I  put  it  on  the  plate  of  an  air  pump,  and  draw  the  air 

I  out,  and  the  bladder  is  being  bent  down  very  distinctly.    When  I 

IjoBt  touch  it  there  is  a  slight  explosion,   and  a  nuh  of   air 

\  inwards. 

Now,  the  pressure  of  air  which  Is  acting  on  the  surface  of  the 

I  earth,  is  measured  by  means  of  a  barometer.    That  consists  of  a 

\  tube  of  mercury,  dosed  at  one  end,  and  open  at  the  other.     Here 

■  such  a  tube,  filled  with  mercur>-  to  the  top.     I  will  close  the 
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open  eod  with  my  finger,  and  then  turn  it  upside-down  i 
vessel  of  mercury,  and  then  open  it.  When  I  withdraw  my  finger 
you  see  the  mercurial  column  falls,  and  tne  mercury  sinks  10 
a  certain  extent.  It  is  supported  at  that  particular  height  by  the 
pressure  of  air  acting  on  the  surface  of  the  mercury  contained  i 
the  trough.  The  trough  here  is  exposed  to  the  action  of  the  air, 
and  the  air,  pressing  upon  that,  forces  the  mercury  up  the  tube. 
The  barometer  was  invented  by  Torricelli,  who  was  the  pupil  of 
Galileo  ;  and  there  is  downstairs  one  of  the  original  barometer 
lubes  made  by  him.  The  mercury  stands  in  this  tube  at  a  certain 
height  above  Ihe  mercury  in  the  trough,  I  measure  that  height 
by  a  yard  measure,  and  find  it  is  almost  exactly  thirty  inches. 
This,  tlien,  is  the  height  of  the  column  of  mercury  supported  by 
the  pressure  of  the  air  on  the  mercury  outside.  If  you  weigh  a 
column  of  mercury,  which  has  a  square  inch  of  area,  and  is  thirty 
inches  lung ;  that  is  to  say,  if  you  weigh  thirty  cubic  inches  of 
merciirj-,  it  will  be  about  15  lbs. ;  and  therefore  on  every  square 
inch  of  the  surface  of  the  earth  the  atmosphere  presses  with  a 
force  of  15  lbs.,  and  it  is  this  15  lb.  pressure  which  burst  the 
bladder. 

We  are  not  in  the  habit,  in  scientific  work  at  the  present  time, 
of  talking  much  about  inches  ;  but  we  make  use  of  a  measure 
which  is  used  not  only  by  Englishmen,  but  by  a  great  number  of 
others.  I  mean  the  metre  measure.  A  metre  is  a  little  more  than 
a  yard  ;  it  is  about  3  feet,  3^  inches.  Now,  the  height  of  a 
barometrical  column  we  have  found  to  be  30  inches,  but  it  varies 
a  little  from  this.  The  pressure  of  the  air  sometimes  diminishes, 
and  sometimes  increases.  When  it  diminishes  the  barometer 
falls,  and  Lht-  mercurial  coIum;i  becomes  shoiter ;  when  the  pres- 
sure increases  the  barometer  rises,  or  the  mercurial  colui 
comes  longer ;  but  30  inches  is  about  the  mean.  The  French 
mean,  that  is,  the  number  which  is  taken  as  the  ordinary  mercurial 
column  ;  for  the  atmospheric  pressure  in  metres  is  760,  or,  ; 
may  call  it,  7C0  millimetres,  a  millimetre  being  one-thousandth  of 
a  metre.  As  we  are  talking  about  millimetres  and  metres, 
thought  it  was  as  well  to  tell  you  the  difference  between  such 
measures  and  inches. 
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The  air  which  is  on  the  surface  of  the  earth  is,  of  course, 
pressed  upon  by  the  weight  of  the  air  which  is  above ;  there 
being  a  considerable  height  of  atmospheric  air,  in  fact,  something 
like  100  miles,  above  the  surfece,  that  which  is  below  must  be 
pressed  upon  very  much  by  that  which  is  above.  But  if  you 
remove  the  pressure  from  the  air,  the  air  will  expand  ;  there  will 
be  nothing  to  keep  its  particles  together ;  in  fact,  it  will  expand 
indefinitely.  So  far  as  we  know,  no  one  has  as  yet  reached  the 
limit  lo  which  air  will  expand  when  the  pressure  is  removed. 
Here  is  a  small  bladder,  containing  a  small  quantity  of  air,  and 
which,  I  hope,  is  tied  up  perfectly.  I  am  going  to  put  it  into 
this  receiver,  and  then,  by  the  air  pump,  we  will  remove  the 
air  from  the  vessel  surrounding  the  bladder,  and  therefore  remove 
the  pressure  from  it.  It  is  now  apparently  filling,  and  if  I  can  gel 
anything  like  a  perfect  vacuum,  the  bladder  will  become  perfectly 
tight.  I  am  not  pumping  the  air  into  the  bladder,  but  simply 
removing  the  air  from  outside  it.  Now,  if  1  let  the  air  into  the 
receiver  again,  the  atmospheric  pressure  on  the  outside  will  be  re- 
stored, and  the  bladder  will  shrink  lo  its  original  si/.e.  This  is  an 
indication,  not  of  any  alteration  in  the  size  of  the  bladder,  but  of 
the  air  which  was  contained  within  it.  So  that  you  observe  when 
the  pressure  is  removed  from  the  volume  of  air,  that  volume  of  ajr 
increases  in  size  ;  and  conversely,  when  you  increase  the  pressure 
on  a  volume  of  air  you  diminish  its  si«;.  This  is  also  the 
case  with  solids  and  liquids;  they  may  be  compressed,  but 
the  amount  of  pressure  which  they  require  is  something  very  con- 
siderable 1  will  just  give  you  a  rough  e:iperiinent  in  order  lo 
prove  this.  Here  is  a  flask  which  contains  some  water,  made 
black  with  ink,  so  its  to  show  it  more  plainly.  Attached  to  it  is  a 
bladder  containing  air.  If  we  squeeze  the  bladder  it  produces,  of 
course,  a  pressure  on  the  surface  of  the  water  :  but  the  surface  of 
the  water  remains  apparently  constant.  It  does  not  ^em  to 
diminish  in  quantity.  Now,  I  will  mm  tie  apparatus  upside  down, 
and  then  I  shall  get  the  bladder  full  of  water,  and  the  flask  full  of 
air,  1  will  put  my  thumb  level  with  the  surface  of  the  column  of 
water,  the  vessel  above  containing  air,  and  the  vessel  below  the 
water.     And  now,  if  I  squeeze  the  vessel  below  containing  the 
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water,  I  condense  the  air,  or  make  it  less,  as  you  see  by  the  rise  of 
the  water ;  but  on  removing  the  pressure  the  gas  expands  once 
more,  so  that,  increasing  the  pressure  on  the  gas,  you  diminish  the 
volume,  and  diminishing  the  pressure  on  the  gas  you  increase  its 
volume.  These  variations  of  volume  may  not  only  be  stated 
roughly,  as  I  have,  namely,  that  the  increase  of  pressure  dimi- 
nishes the  volume,  and  a  decrease  ofpressure  increases  the  volume  ; 
but  the  fact  is  very  much  more  complete  than  this,  The 
volume  is  diminished  in  the  same  proportion  that  you  increase  the 
pressure;  and  if  you  diminish  the  pressure  the  volume  is  increased 
in  the  same  proportion  that  the  pressure  is  diminished,  or,  accord- 
ing to  the  law  which  is  generally  given— which  was  discovered  by 
Mr.  Boyle,  and  which  is  called  Boyle's  law— the  volume  of  a  gas 
is  inversely  as  the  pressure  to  which  it  is  subjected.  That  is  to  say, 
if  you  increase  the  pressure  to  a  certain  extent  you  diminish  the 
volume  ;  and  if  you  decrease  the  pressure  you  increase  the  volume. 
Let  me  see  if  I  can  show  you  this.  In  these  two  tubes  are  two 
gases.  One  tube  contains  common  atmospheric  air,  and  the 
■  ither  contains  common  coal  gas — two  gases  as  different  as 
possible  from  one  another,  Each  tube  contains  mercury  at  the 
lower  part,  and  gas  at  the  upper  part ;  and  the  volumes  of  these 
two  gases  are  equal.  Now,  these  two  tubes  communicate,  by 
means  of  a  iitUe  India-rubber  tube,  with  a  reservoir  of  mercury. 
If  I  lower  [his  reservoir  of  mercury,  I  shall  diminish  the  pressure  ' 
under  which  this  gas  exists  at  present.  It  at  present  exists  under 
atmospheric  pressure ;  that  is,  the  air  presses  on  the  surface  of  the 
mercury,  but  the  mercury  inside  this  vessel  produces  a  pressure  on 
the  mercury  throughout  the  whole  length  of  the  tube,  and  causes 
die  mercury  to  rise  in  the  closed  tube  to  this  particular  height,  so 
that  these  gases  are  actually  under  atmospheric  pressure.  The 
column  of  mercury  on  one  side  of  the  India-rubber  tube  being 
exactly  of  equal  height  to  the  columnon  the  othersidc,  they  counter- 
balance each  other,  and  therefore  there  is  simply  atmospheric 
pressure  acting  on  the  gases  in  both  tubes.  Now,  if  I  lower  the 
mercury  reservoir,  some  mercury  runs  out  of  the  tube ;  but  this  will 
not  go  on  indefinitely.  First,  1  will  measure  the  height  of  the 
column,  or  the  length  of  the  column  of  gas.    The  length  of  the      , 


SOME  PROPERTIES  OF  GASES. 

column  is  given  roughly  by  means  of  this  piece  of  string.  1  will 
put  it  at  such  a  point  that  it  will  indicate  exactly  when  we  have 
doubled  the  volume,  and  that  will  be  when  the  mercury  has  sunk 
down  to  a  particular  spot,  which  I  will  mark  with  my  finger.  I 
have  now  got  the  volumes  of  gas  exactly  double  \  and  I  want  to 
measure  the  difference  of  height  between  the  mercury  in  the  tube 
and  the  mercury  in  the  reservoir,  1  can  do  that  sufficiently  for  this 
purpose,  by  placing  the  end  of  a  rule  on  the  level  of  the 
mercury  reservoir,  and  putting  my  thumb  at  about  the  level  of  the 
mercury  in  the  tube  ;  and  it  appears  that  the  column  is  only  aliout 
15  inches,  or  exactly  half  the  30  inches,  which  is  the  height  of  the 
barometer  ;  so  that  by  lowering  this  to  a  certain  point  we  have 
doubled  the  volume  of  gas,  but  we  have  the  column  of  mercury 
only  15  inches,  instead  of  30  inches,  which  was  the  height  of  the 
mercury  column  supported  by  the  atmosphere,  so  that  in  order  to 
double  the  volume  of  gas  we  have  had  to  halve  the  pressure; 
that  is,  the  volume  is  inversely  as  the  pressure. 

Now,  let  us  take  this  in  the  opposite  direction.    Let  us  now 

diminish  the  volume  of  gas.     Here  is  my  piece  of  string,  which  is 

the  propter  length  of  the  colunm ;  I  will  cut  it  in  half,  and  reduce 

the  gas  to  half  its  volume.     In  order  to  do  that,  we  shall  have  to 

increase    the    pressure    by    raising    the   reservoir    of    mercury. 

Having  done  so,  we  mil  measure  the  length  of  this  column  of 

mercury ;  that  is  the  difference  between  the  level  in  the  tube  and 

;  level  in  the  reservoir;  and  now  that  is  31  inches.     In  this 

I  case  we  have  rather  overshot  the  mark,  and  have  had  to  raise  (he 

I  mercury  column  a  little  higher  than  30  inches,  in  order  to  halve  the 

'   volume.     If  the  experiment  had  been  done  with  sufficient  care — 

a  the  tube  had  been  properly  graduated,  we  should  have  found 

I  we  had  to  raise  the  mercury  column  to  30  inches  instead  of  31 . 

I  But  this,  for  a  lecture  experiment,  is  perhaps  suffidendy  accurate. 

This  law  of  Boyle,  that  gases  are  inversely  as  the  pressure  to 

1  which  they  are  subjected,  was  thought  to  be  absolutely  accurate 

fbi  a  long  time,  until  a  celebrated  physicist  of  the  present  time 

I  tried  numerous  experiments  on  the  compression  of  gases.    This 

I  was  a  Frenchman,  of  the  name  of  Regnault— and  I  am  afraid 

I   I  have  a  kind  of  infatuation  for  Regnault,  because  his  experiments 
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were  conducted  with  such  wonderful  care  and  precision.     He 
experimented  on  several  gases,  and  found  the  law  of  Boyle  nol 
absolutely  correct.     But  it  is  very  nearly  so,  for  many  gaaes.     1 
think  some  of  you  have  heard  a   lecture   delivered   here   on 
Faraday's  experiments,  in  which  he  compressed  gases  to  a  very 
small  volume,  and  found  a  large  number  were  converted  into 
a  liquid    condition,    merely   by   the   squeezing   of  the   particles 
logether.     Now,  of  course,  all  gases  which  are  capable  of  being 
liquefied  cannot  entirely  fultil  the  taw  of  Boyle  ;   because    the 
liquid  occupies  very  much  less  space  than  the  vapour  from  which 
it  is  produced.     So  that  all  gases  which  liquefy  must  be  left  out  of 
consideration.     But  there  are  only  six  gases  which  do  not  liquefy, 
when  they  are  compressed  or  when  they  are  cooled ;  and  these 
six  are  the  following — three  of  them  being  well  known  to  you. 
Hydrogen,  which  is  one  of  the  gases  existing  in  water ; 
Oxygm,  which  is  the  other  gas  existing  in  water ; 
Nitrogen,  a  gas  which  exists  in  atmospheric  air;  and  in  fact 
forms  four-fifths  of  it,  the  other  one-fifUi  being  oxygen. 
And  then  there  are  three  compound  gases.    One  is 

Carbonic  Oxide,  which  is  the  gas  which  burns  with  a  blue 
flame  on  the  top  of  a  charcoal  fire. 
Then  there  is  a  gas  called 

Marsh  Gas,  which  is  the  fire  damp  of  the  miner,  a  gas  which, 
.         when  mixed  with  air,  produces  explosions, 
And  the  last  gas  is  a 

Compound  of  Nitrogen  and  Oxygen,  know  as  Nitric  Oxiit, 

a  gas  which  is  produced  when  nitric  acid  acts  od 

copper  or  other  metais. 

These   six    gases  have  not  been  liquefied  up  to  the   present 

time    by   any    process   to    which    they     have    been    submitted, 

Regnault  experimented  on  gases  by  means  of  a  long  column 

of  mercury.     He  did  not  do  it  in  the    rough,  or   as  we   have 

done   it   here,    by   raising  the    reservoir  of  mercury  connected 

by  an  India-rubber  tube  to  the  two  glass  tubes ;  but  he  used  an 

apparatus  of  which  there  is  what  I  may  call  a  mode!  in  the  neirt 

room,  which  I  recommend  you  to  examine  for  yourselves.     It  is 

not  the  original  one  of  Regnault ;  but  a  modem  model,  thotigh 
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made  on  very  much  the  same  principle.  The  tiibe  into  which 
Regnnult  passed  bis  gas  was  three  metres  in  length,  a  little 
more  ihan  9  feet ;  and  then  he  had  a  ginss  tube  which  contained 
mercury,  which  was  30  metres  long,  or  about  100 feet;  and  this 
was  erected  against  a  tower.  Of  course  it  was  impossible  to  get 
a  glass  tube  100  feet  in  length  ;  and  therefore  he  used  a  number 
of  tubes  connected  together  by  iron  joints  such  as  I  have  here, 
which  were  ground  together  and  cemented  on  the  ends  of  the 
glass  tubes,  so  that  no  mercury  could  leak  out.  This  long  tube  of 
30  metres  high,  was  erected  against  the  tower ;  and  the  gas  was 
pumped  into  the  closed  tube  of  three  metres  high.  There  was  a 
brass  stop-cock  on  the  lop,  which  could  be  connected  with  the 
air  pump,  and  at  the  bottom  was  an  iron  tube  running  horizontally, 
and  passing  up  from  that  was  the  long  lube  of  30  metres,  and 
beyond  the  long  tube  the  pump  by  means  of  which  the  mercury 
is  forced  into  the  vessel.  First  by  means  of  the  air  pump  he 
forced  the  air  in  until  the  column  of  mercury  came  nearly  to  the 
lower  end  of  the  tube ;  then  he  pumped  the  mercury  in  until  the 
colunm  was  reduced  to  nearly  half  of  its  original  size,  and  then 
measured  the  height  of  the  column  of  mercury.  This  was  done, 
with  great  precision,  by  means  of  an  instrument,  many  specimens 
of  which  are  in  the  measurement  room,  an  instrument  called  the 
cathetometer.  It  consists  of  a  telescope  placed  on  a  sUding 
stand  with  graduations,  through  which  you  look  at  the  surface 
of  the  mercury  in  the  tube,  and  read  off  on  the  graduations 
the  height  of  the  column.  Of  course  the  cathetometer  was 
arranged  in  such  a  way  that  the  observer  could  read  any  [>ortion 
of  this  high  tube  with  great  accuracy,  to  the  yisth  of  a  millimetre. 
Kegnault  determined  in  this  way  that  Boyle's  law  was  not 
absolutely  correct.  He  fuund  that  all  gases,  except  hydrogen,  are 
compressed  more  than  they  ought  to  be — that  is,  their  volume  is 
diminished  more  rapidly  than  it  ought  to  be,  if  Boyle's  law  were 
true.  If  you  take  one  volume  of  gas  under  the  pressure  of  one 
atmosphere  or  about  760  millimetres  of  mercury,  and  if  you  want 
to  reduce  that  volume  of  air  to  one-tenth,  according  to  the  law  of 
Boyle,  you  would  have  to  use  a  pressure  of  10  atmospheres. 
But    Kegnault  found    that   you    had  really  to    use  only  9*92 
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aUnospbats.  So  dut  lo  atmoipheies  would  piodace  tood 
condctnation.  Tben  to  leduce  the  Toknnc  to  o 
slioaid  ttse  a  pnsHirc  of  ao  atnospbere ;  whereas  Rcgnankfl 
dnt  I9'7i  was  safikcient,  md  thai  to  woold  have  t 
too  nBich.  Tlienhe  tried  anochn  pa — caibooicacidg 
b  produced  vfacn  charcoil  bums  in  ihe  air.  That  is  a 
majr  be  bqncfied  by  h^  pressure,  as  was  dtKorercd  by  f 
He  (band  that  if  be  took  caibooic  add  gxs  Dnderp 
atmosfibere,  in  order  to  tediice  it  to  ooe-tenth  of  its  v 
bad  to  BSe  a  prosoie  of  9*23  atmospbovs,  irtiich  is  less  than  ia 
Ibe  case  of  air,  aad  when  be  redoced  it  to  ^V^  ^  ^^  ^  "^ 
as  little  as  167 1  aUno^bcrcs.  Whereas,  according  to  the  bw  of 
Boyle,  it  011^  to  have  requiied  10.  Then  be  tried  b)iln>gea.  and 
EiMiad  that  wben  he  took  a  volume  of  hydrogen,  raeasmed  at  a 
pressure  of  one  atmosphere,  it  required  to  reduce  it  to  one-tenth, 
a  pressure  of  more  than  10  atmospheres,  namely  io'o6;  so  that 
you  see  hydrogen  condenses  less  than  it  ought,  and  is  not  com- 
pressed so  much  as  the  other  gases ;  01  so  much  as  would  be 
indicated  by  the  law  of  Boyle  In  order  to  reduce  this  to  one- 
twentieth  be  bad  to  use  a  pressure  of  zq-zt.  Now,  In  a  great 
number  of  the  forms  of  pressure-gauge  in  which  advantage  is  takoi 
of  the  compression  of  air,  the  volume  of  air  ia  enclosed  in 
a  certain  vessel ;  and  the  diminution  of  this  volume  is  employed 
as  the  measure  of  the  pressure. 

Bodies  when  heated,  usually  expand  or  becotpe  larger.  Solids 
expand  to  a  slight  extent  by  the  action  of  heat ;  liquids  more  so  ; 
and  gases  still  more  so.  In  order  to  show  the  expansion  of  a 
solid  Ijody,  you  require  a  very  delicate  apparatus.  But  there  is 
one  here  on  the  table  which  belongs  to  the  Freiburg  Physical 
Institution,  for  shou-ing  the  expansion  of  solid  bodies  by  heat. 
There  is  an  iron  bar  placed  in  a  trough  into  which  hot  water 
or  hot  oil  can  be  put,  and  one  end  is  placed  against  a  lever, 
which  lever  carries  a  looking-glass.  Now  the  expansion  of  a 
solid  object,  such  as  a  bar  of  iron,  is  so  very  slight  that  you 
must  multiply  the  expansion  very  much,  in  order  lo  be  able  to 
detect  it  at  all.  Ibe  bar  is  placed  in  ice  first,  and  its  length  is 
measured  by  the  position  o£  the  mark  seen  by  reflection  in  the 
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lookiog-gkss.  Then  it  is  heatetl,  and  as  it  gets  hotter  it  lengthens 
very  slowly,  and  moves  the  position  of  the  looking-glass  through  a 
very  small  extent  indeed  ;  but  just  sufficient  to  give  an  indication 
on  a  scale  placed  at  a  considerable  distance.  You  see,  in  conse- 
quence of  the  small  increase  in  the  length  of  the  iron  bar,  you  have 
to  employ  this  mechanical  contrivance  to  multiply  the  lengths,  in 
order  to  enable  you  to  see  it  all.  Liquids  also  expand  only  com- 
paratively slightly  ;  but  more  so  than  solids.  Here  is  a  vessel  that 
contains  inky  water.  I  will  pour  into  this  vessel  which  surrounds 
it  some  warm  water,  and  you  will  find  after  a  short  time  that 
there  will  be  an  increase  in  the  volume  of  the  liquid  in  the  flask. 
The  water  will  rise  in  the  tube,  springing  from  it— although  the 
increase  will  take  place  very  slowly.  In  the  case  of  gases  mattera 
are  very  different,  they  expand  very  much  more.  But  here 
is  a  vessel  which  contains  air.  It  is  a  flask  of  about  the  same 
capacity  as  that  which  contains  the  inky  water.  It  is  connected 
at  the  lower  part  with  a  glass  tube  dipping  again  into  inky  water. 
The  column  of  water  placed  in  the  tube  by  its  height  indicates  the 
volume  of  air  the  vessel  contains.  But  if  I  merely  warm  this  vessel 
of  air  with  my  hands,  I  think  you  will  see  in  a  moment  that 
the  water  in  the  tube  descends.  The  volume  of  air  increases 
rapidly,  and  the  lowering  of  the  water  is  an  indication  of  the  amount 
of  this  increase.     So  that  you  see  gases  expand  very  much. 

An  instrument  of  this  kind  is  called  an  air  thermometer,  and 
I  believe  the  first  air  thermometer  ever  made  is  in  this  exhibition. 
It  is  one  of  those  relics  one  dare  not  touch  ;  and  I  certainly 
could  not  ask  the  authorities  to  have  it  brought  up  here.  It  is  in 
the  case  of  Galileo's  instruments,  on  the  right-hand  side,  and  con- 
sbta  of  a  small  apparatus,  with  a  little  globe  at  the  top, — a  narrow 
glass  lube  dipping  into  the  liquid  below  ;  and  this,  I  believe,  is 
one  of  (he  first  fonns  of  air  thermometer  ever  made, 

This  same  Regnault  has  cxperimenicd  also  on  the  expansion 
of  gases  by  beat ;  and  here  is  another  of  the  relics,  the  original 
apparatus  by  which  be  studied  the  expansion  of  gases  by  the 
action  of  heat,  It  is  more  modem  than  Galileo's,  and  it  will 
stand  a  little  experimenting  with.  This  is  the  vessel  in  which 
the  expansion  of  gases  was  determined.     It  consists  of  a  tube 
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Mown  into  the  fonnof  abolb  vithakngoanowsteiBbciitslrigl* 
sngles  aitd  dnwn  out  to  a  fine  point.  Tbc  firat  thing  «ss  lo 
detamine  the  capad^r  of  it,  to  see  how  nodi  air  it  bdd.  Tlnft 
waa  done  by  fining  it  with  mercmy  and  weighing  the  qaantitT^  of 
EBCTcniy  wfaidi  it  cootatned,  because  knovii^  tbc  weight  of  a  ecr- 
tain  volome  of  mettxn^,  if  we  know  the  veight  of  the  oien3ii7.  «c 
on  eanly  calculate  the  vohtme.  Havh^caksilated  theTtdnmeofthe 
nMcLtheaKTcniT  was  emptied  out.  andlbevessd  was  filled  with  air. 
Theairhadtobeintroducedwithveiygreatpreauition.  Ibeairwas 
pasted  tfann^h  a  vessel  containing  chloride  of  caldutn,  a  bod  J  whidi 
abflorbt  moisture  with  great  ease.  Tbc  air  was  pomped  out  from 
this  vessel  through  a  chloride  of  calduro  tube,  and  then  was  once 
mote  allowed  to  enter  through  a  second  chloride  of  caldma  lub& 
In  this  way  the  air  wasdried  and  any  trace  of  moisture  which  night 
have  been  on  the  sides  of  the  vessd  was  removed.  In  order  to 
hasten  the  removal  of  moisture  the  whole  thing  was  placed  in  steam, 
io  that  the  air  was  heated  to  the  temperature  (rf  boiling  water,  the 
mriisture  was  pumped  out,  and  the  di;  air  was  allowed  to  return. 
This  having  been  d^ne  several  times,  the  connecting  piece  was 
taken  off,  and  you  had  the  apparatus  standing  in  a  bath  of  steam. 
When  the  temperature  was  perfectly  constant  a  blow  pipe  was 
brought  to  bear  on  the  point  of  the  tube,  anil  it  was  sealed  up. 
Thus  you  had  a  quantity  of  gas  induded  within  it,  and  you  had 
the  exact  volume  of  the  vessel  when  it  was  heated  to  the  tempera- 
ture of  boiling  water.  Now  the  question  was  to  find  out  what 
volume  would  this  gas  occupy  when  it  was  cooled  to  the  freezii^ 
point,  and  that  was  done  in  this  actual  apparatus.  The  tube  is 
placed  into  this  apparatus  and  held  firmly  hy  means  of  a  screw 
above,  and  by  three  little  suppons  by  which  it  can  be  placed 
exacdy  vertically.  When  evervthing  was  perfectly  in  order,  the 
[K>int  of  the  tube  was  broken  off  under  mercury  in  a  glass  vessel  be- 
low ;  and  this  point  having  been  broken  off,  the  mercury  entered 
the  tube  and  rose  into  the  vessel.  Then  a  glass  vessel  was 
placed  around  this,  and  a  quantity  of  ice  was  put  in  it,  so  that 
the  tenifierature  wa-s  reduced  to  the  freezing  point  of  water.  A 
condensation  of  the  gas  of  course  took  place,  and  we  had  the 
column  of  mercury  raised  to  a  certain  height.     Now  it  was  nece»> 
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sary  exactly  to  measure  the  height  ot  this  column  of  mercury  by 
the  cathetometer,  but  it  was  impossible  to  lio  this  when  it  was 
surroumied  by  ihe  mass  of  ice,  and  it  was  necessary  to  have  re- 
course to  what  wc  call  in  the  laboratory  a  dodge.  A  little  piece  of 
soft  wax  was  carefully  brought  under  the  mercury  and  pressed 
against  the  end  of  the  tube,  and  this  being  a  fine  capillary  tul« 
the  wax  stopped  it  up.  and  it  was  possible  to  remove  the  ice  en- 
tirely, and  to  wipe  the  tube  without  altering  the  length  of  the 
column ;  the  mercury  could  not  escape  because  of  the  plug  of 
wax  at  the  end,  so  that  ii  was  quite  easy  to  measure  tbe  height  be- 
tween the  column  of  mercury  outside,  and  the  column  of  mercury 
within  the  tube.  Then  it  was  necessary  to  apply  this  law  of 
Boyle  of  which  I  have  spoken,  to  determine  the  amount  of  the 
expansion  of  the  gas.  1  need  not  go- into  the  calculatims,  but 
I  will  just  point  out  the  result  of  a  number  of  eiqjeriments. 

Regnault  was  not  satisfied  with  one  experiment  of  this  kind, 
but  he  repealed  it  no  less  than  fourteen  limes  before  he  was 
satisfied  he  had  the  right  number,  anti  the  number  he  got  was 
this.  If  he  took  one  volume  of  gas  at  the  freezing  paint  of 
water,  and  heated  it  up  to  100  C,  one  volume  increased  to 
1-36623.  Perhaps  some  of  you  are  not  quite  familiar  with  the 
meaning  of  these  decimals  which  I  am  using,  therefore,  1  may  lell 
you  that  that  means  if  you  had  100,000  volumes  of  air  at  the  freez- 
ing point  of  water,  they  would  be  changed  into  136,613  if  they 
were  brought  to  the  boiling  point.  Reguault  was  not  satisfied  with 
this,  so  he  used  instead  of  a  large  tube  like  this,  a  large  bulb  ; 
and  instead  of  having  this  short  tube  at  the  bottom,  be  used  a  thin 
tube,  but  a  very  long  one,  so  that  when  the  point  of  the  tube  was 
broken  off,  the  mercury  did  not  rise  into  the  globe  itself,  but 
merely  rose  some  distance  into  the  tube.  He  tried  a  number  of 
experiments  of  this  kind,  and  obtained  the  number  136633  which 
is  very  nearly  the  same  as  the  previous  one,  but  not  quite.  This 
was  not  sufficient  for  him,  and  he  continued  further,  and  used  an 
apparatus  of  which  this  is  a  model.  This  experiment  was  done 
in  two  ways,  A  volume  of  gas  was  introduced  into  a  glass 
vessel,  and  this  glass  vessel  was  surrounded  with  ice,  and  its 
volume  accurately  determined.     There    is  a  globe  containing  gas, 
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placed  exactly  in  die  centre  of  ttiisbnssTcs9d,aBdiindeRia(litlK 
globe  is  a  kiul  of  colander  made  of  tinned  copper  to  distnbate 
the  aeam  wbicli  had  to  be  bnxigfat  into  it  equallf  over  ibe  trix^ 
ve»eL  When  the  globe  had  been  loeasurcd  by  introdiMJag 
nuTctoy  and  wcigfaiiig  the  quantity,  it  was  fixed  into  tills 
appanUus.  Uns  otdanda  placed  on  tbe  top,  and  the  whole  dung 
packed  with  kc,  and  so  the  tcmperatoie  was  reduced  to  die 
freezing  point  of  water  Then  it  was  necessary  to  detennine  wiiat 
change  cf  volume  would  take  place  by  beating  tbe  air.  In  aider 
to  detennine  this,  the  globe  was  connected  with  a  long  ^ass  tube 
graduated  accurately  to  millimetres  and  connected  at  tbe  bottim 
to  aootlier  graduated  tube.  Mercury  was  poured  into  the  othertubcv 
so  that  it  filled  both  vessels  exactly  to  the  top  of  the  closed  tube 
Then  when  the  lemperaiure  was  exactly  at  thai  of  freenng  water, 
and  the  mercury  level  was  put  exactly  to  the  right  point,  a  spirit 
lamp  flame  was  put  undei  the  vessel  containing  the  gas,  so  as  to 
melt  the  ice,  and  ultimately  to  make  the  water  boil.  Of  course 
there  was  an  increase  of  volume  of  the  gas  in  tbe  globe,  which, 
producing  pressure  on  the  mercutj' in  this  tube,  tended  to  force  the 
mercury  down.  But  Regnault  did  not  intend  the  volume  to 
increase ;  he  wanted  to  keep  the  volume  constanL  In  order  to 
accomplish  thai,  it  was  necessary  to  very  gradually  pour  memnr 
into  the  top  of  the  open  tube,  so  as  to  keep  the  volume  of 
mercury  perfectly  constant  at  the  upper  portion  of  this  dosed  tube 
When  the  temperature  was  raised  exactly  to  the  boiling  point  of 
water,  he  measured  the  difference  in  height  of  the  columns  of 
mercury  in  the  two  tubes,  and  in  that  way  determined  the 
expansion  of  the  gas.  Of  course  he  had  to  assume  that  the  law 
of  Boyle  was  correct,  and  the  result  had  to  be  worked  out  from 
the  increase  of  the  pressure  on  the  gas. 

Now  when  this  volume  was  kept  constant  and  the  calculation 
was  made  for  the  increase  of  pressure,  he  found  that  the  number 
was  136645.  I  do  not  know  how  many  experiments  he 
made  to  determine  this,  but  a  considerable  number.  He 
was  not  satisfied,  however,  but  he  went  a  little  further. 
Next  he  measured  the  actual  increase  of  the  volume  when 
the    pressure    was    kept    constant,    and    for    this    purpose    he 
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used  an  apparatus  very  similar,  only  the  large  tube  was  kept 
surrounded  with  water  so  thai  the  temperature  was  kept 
constant.  It  was  treateil  in  the  same  way,  and  he  then  found  a 
number  which  differed  from  all  the  others.  The  number  he 
got  when  the  pressure  was  constant,  was  1-36706,  He  found 
different  gases  did  not  expand  quite  equally  for  different  increases 
of  temperature.  These  expcHmenls  are  those  taken  with  air, 
and  I  will  put  down  beside  these  the  effects  produced  by  other 
gases  both  when  the  volume  is  kept  constant  and  when  pressure 
is  kept  constant. 

Constant  volume.  Constant  pressure. 

Air i'3665  f3'57o 

Hydrogen >'3667  r366i 

Carbonic  Add  Gas.     .  1-3688  ''37io 

Sulphurous  Anhydride        i'384S  ''3903 

You  see  these  numbers  are  not  idendca),  but  they  do  not  differ 

very  much  from  one  another.    Change  of  pressure  changes  the 

volume  of  different  gases  to  very  nearly  the  same  extent  although 

not  absolutely,  and  change  of  temperature  inc  reases  the  volume 

I  of  different  gases  nearly  but  not  absolutely  to  the  same  extent 

\  These    last    two    gases  which    differ    very     considerably    from 

r  and    hydrogen   arc  gases   easily   liquefied  ;  in  fact  this  last 

le,    sulphurous    acid    gas.    can    be    liquefied    very    readily 

I  indeetl.     Here  is  a   piece  of  apparatus  which  I  always  use  to 

iw    the   actual    liquefication   of  sulphurous   acid    gas,   except 

I  that    I    have   a  string    passing    over    a   pulley    fixed    to    the 

1  ceiling  by  which  1   can  raise  the  reservoir  of  mercury  about 

feet   high.     The  sulphurous  acid   gas  contained   in    one  of 

[  these    tubes    is  converted    into    liquid    sulphurous    anhydride, 

I  10  that  this   has   naturally  a   different  expansive  rate  from  the 

I  other  gases.     As  a  general  rule  we  do  not  give  the  expansion 

I  of  gases  for  100"  but  for  1°,  nameiy,  from  o"  to   \°,  and  the 

I  coefficient    of    expansion    of  a    gas    is    the    alteration    which 

I  one  volume  of  it  undergoes  when  the  gas  is  heated  from  the 

f  freezing  point  of  water  to  1°  C.    Therefore  the  increaaa  in  all 
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these  numbers  would  hare  to  be  divided  by  loo;  and  instead  of 
giving  to  the  first  one  "3665,  we  should  have  "003665,  which  is 
the  co-efficient  of  expansion  of  air;  that  is  to  say,  one  volume 
of  air  would  become  1003665  if  it  were  heated  from  the  freezing 
point  of  water  to  1°. 

Now  liquids  instead  of  expanding  as  much,  do  so  very  much 
less.  The  increase  of  volume  which  water  would  undergo  if 
it  were  heated  about  1°  at  the  ordinary  temperature  is  about 
■00015.  in  fact  about  ^\jih  of  the  expansion  of  air,  and  hence 
the  small  amount  of  rise  in  the  column  of  water  which  we 
noticed  in  the  CKperiment  just  now.  In  the  case  of  alcohol 
it  would  be  very  different,  its  co-efficient  is  'oo  1 08  so  that 
alcohol  expands  seven  times  as  much  as  water  when  it  is  heated 
1°.  You  See,  theiefore,  that  if  we  take  two  diSerent  liquids  we 
find  their  co-efficients  of  expansion  differ  very  much,  whereas  if 
we  lake  two  different  gases,  we  find  the  co-efficients  vary  very 
slightly,  and  the  same  kind  of  thing  may  be  said  with  regard  to 
the  expansion  of  solids.  They  expand  very  much  less  than 
either  gases  or  hquids.  I  will  put  down  the  co-efticient  of 
expansion  of  iron  which  is  0000355  '>  'hat  is  to  say,  if  you  take 
10,000,000  voluLiies  of  iron  and  heal  them  I"",  they  would  only 
become  10,000,555,  whereas,  of  course,  if  you  take  a  volume  of 
air  it  would  expand  very  much  mure.  The  co-efhcient  of  the 
expansiou  of  zinc  is  -0000893,  '^i^t  's  nearly  three  times  as  much 

I  fear  I  am  wearing  you  very  much  with  all  this  dry  detail,  but 
I  want  to  point  out  oat  thing,  I  want  to  show  you  what 
scientific  men  have  to  do.  Many  of  you  are  not  perfectly 
familiar  with  the  use  of  all  the  instruments  in  this  collectiocL  In 
fact  1  suppose  no  one  is,  but  yet  y<iu  will  understand  that  some- 
thing has  to  be  done  with  all  these  things.  These  things  here 
have  been  used  only  for  the  purpose  of  determining  the  expan- 
sion of  gases  ;  and  the  other  instrument,  which  is  in  the  other 
room,  as  being  in  the  form  in  which  it  was  first  used,  was  only 
used  for  determining  the  compression  of  gases  by  pressure.  You 
may  say,  what  is  the  use  of  all  this  ?  At  first  sight  it  does  not 
seem  lo  be  of  much   use.     But  1  must  tell  you  that  all  these 
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experiments  of  RegnauU's  were  uniertflken  because  ihc  Frencli 
government  asked  him  lo  fintl  oul  how  it  was  the  stenm  engine 
worked.  He  was  asked  to  make  aa  investigation  of  all  the 
things  which  were  connected  with  the  working  of  the  steam 
engine,  and  he  set  to  work  and  thoroughly  determined,  and  I 
believe  with  very  considerable  accurai.y,  the  different  effects  of 
both  pressure  and  temperature  on  almost  all  the  gases  he  could 
work  with,  and  a  very  large  number  of  liquids.  To  come  to  a 
matter  less  important  perhaps  in  one  way  than  the  steam  engine. 
but  nearly  as  important  in  another,  no  measurement  of  a  gas  can 
be  made  at  all  without  first  determining  the  effect  of  heat  in  ex- 
panding, or  of  pressure  in  dinrtnishing  the  volume  of  this  gas.  If  a 
mason  has  to  measure  a  cubic  yard,  or  a  cubic  Tiot  of  stone,  be 
does  not  mind  very  much  if  he  goes  ,ijth  of  an  inch  on  one 
side  or  the  other  of  the  fool.  It  does  not  matter  very  much  to 
him,  therciore,  whether  the  pressure  of  the  atmosphere  changes 
the  volume  of  the  sione,  which  it  does,  but  very  slightly,  or  whether 
any  change  of  temperature  has  affected  the  stone,  which  it  only 
does  to  a  very  slight  extent ;  if  one  of  you  wishes  to  measure  a 
pint  of  beer  you  do  not  ask  whether  the  temperature  is  rather 
higher  at  one  time  than  another,  or  whether  you  get  a  little  more 
beer  on  one  day  than  another,  though  I  may  tell  you  you  get  more 
alcohol  if  you  measure  it  in  the  winter,  lor  the  volume  is  smaller, 
and  iherefore  more  concentrated.  But  when  you  have  to  measure 
a  volume  of  gas  to  the  nVu''*  P^*  °f  ^  cubic  inch,  then  you 
must  begin  to  think  whether  the  temperature  will  produce  any 
cBect  upon  it  or  whether  it  wiil  be  at  all  affected  by  vaiiatiou 
in  the  height  of  the  barometer.  A  variation  of  one  inch  in  the 
height  of  the  barometer  would  make  a  difference  of  ^th  in  the 
volume  of  your  gas,  and,  therefore,  it  is  necessary  to  know  these 
□umbers,  and  it  is  necessary  for  the  numbers  to  have  been 
determined  before  any  gas  analysis  whatever  could  be  made. 

There  were  two  or  three  other  properties  of  gases  which  1 
wished  to  point  out,  but  the  time  has  gone,  and  it  is  impossible 
for  me  to  do  so  ;  therefore,  I  must  only  repeat  how  extremely 
important  the:>e  apparently  dry  scieutiAc  matters  are.  The  tvork 
which  scientific  men  have  lo  do  is,  generally  speaking,  extremely 
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dry  to  those  outside  the  laboratory,  though  extremely  interesting 
to  those  in  it,  and  very  few  can  understand  the  manner  in  which 
we  live.  We  are  often  working  lo,  12, 14.  or  i6  hours  a  day,  and 
we  are  looked  upon  as  very  monastic  because  we  have  not  time 
to  associate  with  other  people  and  are  alwa3rs  at  work  in  our 
laboratories  shut  up  like  hermits.  But  sometimes  a  result  comes 
out  from  this  apparently  dry  work,  and  a  great  collection  of 
instruments  like  this  shows  you  in  some  degree  the  results 
obtained  by  men  who  have  devoted  the  whole  of  their  lives  to  these 
things,  and  have  worked  at  them  continuously,  showing  you  that 
there  is  really  something  important  in  this  dry  investigation  of 
natural  science. 

The  Chairman  :  We  have  all  listened  with  great  interest  and 
pleasiure  to  Professor  M'Leod's  very  clear  lecture,  and  I  am 
siu:e  that  you  will  all  agree  with  me  in  passing  him  a  vote  of 
thanks  for  having  given  it  to  us. 


ON  LOCAL  GEOLOGY,  WITH  SPECIAL  REFER. 

ENCE  TO  THAT  OF  LEICESTERSHIRE. 

By  W.  J.  Harrison  Esq.,  F.GS. 

August  \^A,  1876, 


Mr.  a.  C.  King,  F.S.A., 


I  Chair. 


The  Chairman  :  Mr.  Harrison,  of  the  Town  Museum,  Leiceiter, 
will  be  kind  enough  to  address  us  to-night  on  Local  Geology, 
with  special  reference  to  the  study  of  that  of  his  own  county. 

Mr.  Harrison  :  I  wish  to-night  fin!  of  all  to  give  you  some 
idea  how  it  comes  about  that  we  have  such  a  thing  as  local 
geology  at  all ;  bow  it  is  that  we  have  got  so  far  as  to  have  such 
an  extended  subdivision  of  the  science,  and  then  to  try  and 
point  out  what  I  think  is  the  best  way  for  any  person  who 
wishes  to  study  the  truths  of  geology  to  become  acquainted  with 
them,  and  also  to  show  what  work  he  may  most  usefully  do ; 
lastly,  to  illustrate  this  with  some  account  of  what  we  are  trying  to 
do  in  Leicestershire.  In  so  doing  1  shall  try  as  much  as  posbible 
to  make  use  of  the  collection  exhibited  in  these  galleries,  because 
it  is  a  very  admirable  one  ;  there  are  many  things  which  but  for 
it  we  should  not  have  had  an  opportunity  of  examining ;  and  I 
think  if  these  objects  are  alluded  to  and  their  special  points 
brought  out,  they  will  be  afterwards  examined  with  greater  in- 
terest. 

The  science  of  geology,  the  Study  of  the  crust  of  the  earth,  is 
of  comparatively  recent  origin.  This  is  mainly  attributable  to 
its  dependence  on  other  sciences  and  to  the  aid  which  it  requires 
from  them;  and  as  unfortunately  scientific  work  generally,  with  the 
exception  of  a  little  astronomy  and  a  little  chemistry,  or  perhaps 
one  ought  to  say  rather  a  little  astrology  and  alchemy,  dates  from 
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since  the  Middle  Ages,  we  can  underBtaod  how  it  was  that  geology 
ivas  not  at  all  worked  at  or  understood  unti!  very  recently.  Thus 
before  we  can  geologically  examine  a  district  we  require  a  good 
topographical  map  of  that  district,  which  is  the  result  of  a  trigo- 
nometrical survey.  Then  in  the  study  of  the  rocks,  we  require  the 
aid  of  mineralogy,  chemistry,  microscopy  ;  and  for  the  determina- 
tion of  the  contents  of  those  rocks,  the  fossils,  we  want  a  considerable 
acquaintance  with  botany  and  zoology ;  and  as  all  these  sciences 
are  also  of  comparatively  recent  origin,  and  as  geology  is  so 
largely  dependent  on  them,  it  is  plain  that  that  is  the  reason  why 
it  is  of  comparatively  such  a  late  date. 

The  history  of  the  rise  and  progress  of  geological  science  in  Eng- 
land has  yet  to  be  written,  but  I  venture  to  say  there  are  in  it 
three  stages — first,atimeof  speculation;  secondly,  a  time  of  inquiry; 
and  thirdly,  a  time  of  good  and  exact  work.  Now  the  time  of 
speculation,  I  would  say,  began  about  the  end  of  the  17  th  century. 
There  have  corae  down  to  us  from  about  i6;o  to  1700  the  names 
of  a  group  of  men  who  investigated  geology  to  some  extent  in 
England — Plot,  Lister,  Hooke,  who  was  in  advance  of  the 
rest,  Ray,  and  Woodward,  who  bequeathed  his  collection  to  the 
Cambridge  Museum,  Burnet,  Whiston  and  other=.  This  effort  in 
the  17th  century  seems  to  have  been  the  result  of  the  inquiries 
and  the  controversy  going  on  abroad,  in  Italy  and  elsewhere, 
about  that  time  as  to  the  nature  of  the  fossils  found  in  rocks. 
For  a  long  time  it  was  believed,  as  Dr,  Plot  in  his  History  of 
Oxfordshire  says,  that  shells  found  in  rocks  might  be  attributed  to 
a  plastic  virtue  latent  in  the  earth.  That  was  evidently  an  idea 
derived  from  Italian  writers,  who  for  some  time  insisted  that 
these  fossils  in  the  rocks  had  never  been  really  hving  things,  but 
were  just  produced  as  accretions  might  be.  When  we  read 
speculations  of  this  kind,  extravagant  as  they  seem,  we  must  re- 
member that  the  investigation  of  facts  had  barely  commenced. 
At  this  epoch  in  fact  we  are  standing  on  the  line  of  demarcation 
between  the  time  when  men  evolved  theories  of  the  earth  and  the 
universe  out  of  their  inner  consciousness,  and  the  modern  period 
which  demands  a  thorough  rigid  and  searching  inquiry  into  the 
facts  as  the  preliminary  to  all  sound  and  true  work. 
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We  may  now  pass  over  a  century,  from  the  end  of  the  17th 
to  the  end  of  the  iSrh  century,  before  we  again  find  Englishmen 
taking  a  prominent  part  in  geological  inquiry.  We  now  find  we 
have  lo  do  with  a  very  different  set  of  men.  A  great  deal  of 
good  progress  has  been  made  in  other  sciences,  and  this 
helps  geology,  and  at  the  em!  of  ihc  17th  century  we  come  to  a 
knot  of  men  of  whom  two  were  pre-eminent— Huttoo,  of  Edin- 
burgh, and  William  Smith,  an  English  surveyor.  These  men 
laid  the  foundation  of  real  geological  work.  Hutton  was  fortu- 
nate in  his  friends.  There  was  at  that  lime  in  Germany  a  famous 
mineralogist  named  Werner,  who  also  wrote  and  spoke  very  well 
on  the  study  of  the  rocks,  and  he  too  had  a  great  group  of  friends, 
but  there  was  a  great  liattle  between  the  followers  of  Werner  and 
the  followers  of  Hutton.  The  German  insisted  that  all  rocks  were 
deposited  from  water.  Even  such  a  rock  as  basalt,  which  is  to 
our  eyes  so  thoroughly  a  volcanic  rock,  he  would  have  was  de- 
posited at  the  bottom  of  the  sea.  But  Hutton,  on  the  other 
hand,  took  up  the  cause  of  volcanic  action,  and  said  a  great  deal 
was  due  to  the  action  of  volcanoes,  and  a  very  fierce  battle  went 
on  between  them.  One  of  Mutton's  friends  was  a  gentleman 
named  Piayfair,  and  another  who  helped  Hutton  was  Sir  James 
Hall.  Hall  said  if  many  of  the  rocks  we  see  were  really  pro- 
duced by  heat,  for  instance  granite,  and  if,  as  Hutton  says,  these 
rocks  ha%e  sometimes  altered  others  touching  them— for  every- 
where we  find  rocks  such  as  granite,  syenite,  and  so  tin,  have  pro- 
duced a  curious  change  in  the  rocks  close  to  them  by  their  heat — 
any  great  hot  mass  of  that  kind  would  evidently  bum,  harden, 
and  change  anything  it  touched ;  and  so  Sir  James  Hall  said  if 
marble,  for  instance,  were  the  result  of  the  action  of  some  great  hot 
mass  of  rock  on  limestone,  as  Mr.  Hutton  says,  then  if  we  lieat 
limestone  sufficiently  we  ought  to  change  it  into  marble,  or  some- 
thing like  it.  He  experimented  in  this  way.  First  of  all  he  heated 
some  limestone  in  clay  crucibles,  but  he  got  no  result  in  that 
way.  Then  he  heated  other  rocks  in  porcelain  lubes,  but  in  that  way 
he  got  no  result.  Lastly  he  used  large  iron  gun-barrels,  and  1  have 
a  fragment  of  one  here  which  was  used  by  Sir  James  Hall  about 
1800,  in  which  he  submitted  certain  rocks  to  a  white  heat,  and  be 
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did  succeed  in  effecting  the  change  which  we  call  metamoridiisoa, 
proving  ihat  rocks  such  as  marble,  for  instance,  are  really  pro- 
duced from  other  rocks,  such  as  limestone. 

William  Smith  was  working  in  England  while  Hutton 
working  in  Scotland,  and  (his  Collection  contains  some  of  the  first 
maps  drawn  by  William  Smith.  Here  is  one  drawn  by  him  about 
the  year  1799  or  iSoo,  and  there  are  also  some  diagram 
drawn  I  think  in  1799,  and  there  is  also  his  large  geological  map 
of  England  which  was  published  in  1815.  I  must  say  that  I 
astonished  when  1  examined  these  maps,  at  the  progress  he  had 
made  in  the  year  1815.  That  map  is  positively  more 
one  respect  near  the  town  of  Leicester  than  the  map  of  the 
Geological  Survey,  in  one  small  respect  which  thatsunxy  omitted. 
It  is  an  astounding  thing  to  have  been  done  in  the  infancy  of  the 
science,  ami  by  one  man.  ^Villiam  Smith  is  generally  called  the 
father  of  English  geol  >gy  ;  "  Strata  Smith  "  they  called  him  at  the 
time,  because  he  thought  and  talked  of  nothing  else  but  the 
arrangement  of  rocks  in  strata,  or  in  beds,  which  he  was  the  first 
to  discover  and  prove.  Thus  our  second  period  may  be  termed 
one  of  real  inquiry  into  the  facts.  There  were  other  men  wh» 
helped,  but  these  two  stand  chief;  and  I  may  take  this  second 
period  as  closing  with  the  establishment  of  the  Geological  Society 
in  l>ondon  in  1807. 

Lastly  we  have  an  epoch  which  we  may  call  that  of  exact  work 
we  have  had  that  of  speculation  and  of  inquiry  into  the  facts,  and 
now  we  come  to  thorough  and  minute  work.  It  was  soon  found 
that  the  proper  mapping  and  examination  of  the  strata  even  of 
a  small  country  like  England  was  a  task  lying  beyond  private  or 
amateur  bodies ;  and  the  necessity  of  the  task  was  admitted  by 
every  one  to  be  great.  About  1835  the  late  Sir  Henry  De  la 
Beche  made  a  representation  to  the  Government  of  the  day, 
which  ended  in  the  establishment  of  the  Geological  Survey,  of 
which  he  became  the  first  Director.  Under  this  able  man,  and 
his  no  less  able  successors,  Murchison  and  Ramsay,  the  task  of 
mapping  the  strata  of  the  British  Isles  has  proceeded  on  a  scale 
which  may  fairly  be  described  as  one  which  still  is  unequalled. 
It  has  been  the  model  of  other  countries.     The  Museum  of  Prao 
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deal  Geology  and  the  School  of  Mines  in  Jermyn  Street  are  out- 
growths rrom  it ;  and  indeed,  prartically,  we  may  say  that  its  cost 
to  the  people  of  this  country  has  been  saved  a  hundred  times  over. 
At  present  a  lar^e  number  of  able  men  are  engaged  in  its  surveys ; 
and  yoQ  see  a  part  of  the  result  of  their  labours  in  the  admirable 
series  of  maps  here  exhibited.  The  Geological  Survey  is  probably 
not  as  well  known  to  the  people  of  this  country  as  it  ought  to  be  ; 
but  the  maps  which  they  exhibit  here  are  certainly  of  the  finest 
description.  They  take  the  Ordnance  map,  which  is  an  ordinary 
map  of  the  couniry,  made  with  great  accuracy  by  the  Ordnance 
Survey,  and  then  the  people  of  the  Geological  Survey  give  to  one 
of  their  men,  trained  to  the  work,  so  many  square  miles,  and  tell 
him  to  lay  down  on  the  Ordnance  map  the  places  where  every  kind 
of  rock  occupies  the  surface,  and  you  see  the  result  in  such  Ei  map 
as  ihis.  Each  of  these  colours  marks  the  place  where  a  certain 
kind  of  rock  occupies  the  surface.  The  red  is  reddish  marl ;  the 
yellow  is  clay,  and  the  next  is  sand ;  then  limestone  ;  then  clay 
appears  again — and  so  on.  Everywhere  these  geological  sur- 
veyors walk  over  the  ground  until  they  have  traced  the  order  of 
the  rocks  and  got  them  down  on  the  map.  That  map  is  drawn  to 
a  scale  of  one  inch  to  the  mile  :  but  they  have  also  drawn  maps 
on  a  scale  of  six  inches  to  the  mile  ;  and  here  is  a  magni5cent  map 
exhibited  by  the  Survey  of  Scotland,  which  is  merely  a  part  of  the 
geological  survey  of  Great  Britain,  on  this  scale.  It  is  a  map  of 
the  Ayrshire  coal  field,  and  is  a  stupendous  work.  In  fact,  no- 
body but  those  well  up  in  geological  inquiry  can  believe  the 
labour  necessary  to  produce  such  a  map  as  this  one.  To  the 
dwellers  there— to  the  coal  owners,  and  to  every  onr  engaged  in  the 
district,  that  map,  I  will  venture  to  say,  is  of  incalculable  value. 
They  not  only  draw  maps  of  the  surface,  but  they  show  what  is 
beneath.  If  you  were  to  make  a  deep  trench  across  the  country, 
you  would  get  what  we  call  a  horizontal  section— such  a  section 
as  you  see  in  a  railway  cutting  ;  and  they  publish  such  sections  of 
all  maps  that  they  draw.  Then  they  publish  deep  or  vertical 
Eectioos  of  all  the  coal  mines.  Here  is  one ;  and  every  one  of  these 
columns  represents  some  particular  coal  mine  in  the  Lancashire 
coal  field.     In  that  way  every  coal  field  in  England  has  been 
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diawn  on  a  scale  of  forty  feet  to  one  inch.  Every  bit  of  coal  is 
there  represented  by  a  black  line,  thicker  ot  thinner,  according  to 
the  thickness  of  the  seam,  while  the  shaJes  and  sandstones  between 
axe  represented  by  finer  lines.  They  also  write  memoirs  descriptive 
of  these  maps,  one  being  published  with  every  map,  describing  the 
district  it  relates  to. 

With  the  establishment  of  the  Geological  Survey,  geo]<^ 
became  a  profession  ;  and  the  science  has  so  spread  that  we  may 
estimate  the  number  of  those  who  now  take  an  active  interest  in 
the  work  at  several  thousands.  We  have  first  the  Geological  Sooely 
of  London,  the  Geologists'  Association  of  London,  numerous 
geological  societies  in  various  parts  of  England — in  Manchester, 
Liverpool,  Edinburgh,  Dublin,  etc.  The  Science  and  Art 
Department  yearly  holds  an  examination  in  geology,  at  wbidt 
several  hundred  certificates  are  annually  obtained  ;  and  1  am 
assure  you  that  all  these  certificates  demand  and  imply  the 
possession  of  sound  knowledge  on  the  part  of  the  recipients. 

Continuing,  then,  a  review  of  the  subject  at  the  present 
moment,  I  will  classity  the  geologists  of  the  day  under  three  heads  ; 
for  the  state  of  the  science  is  really  the  slate  of  the  men  who 
are  now  working  at  it.  First  of  all,  we  have  what  I  may  call 
theorists,  generaltsers,  and  specialists.  These  are  what  we  may 
term  the  higher  portion.  Then  we  have  professional  geologists— 
the  men  of  the  Survey,  those  engaged  in  lecturing  at  various 
institutions,  and  those  who  make  a  living  in  various  ways  by 
geology.  Thirdly,  we  have  a  great  body  of  amateur  geologists 
all  over  the  kingdom,  whom  we  may  call  the  local  geologists,  and 
it  is  this  last  division  we  shall  have  to  deal  with,  I  propose  this 
evening  to  try  to  point  out  to  you  how  any  person  who  really  has 
a  desire  to  study  geology  may  best  and  most  rapidly  fit  himself 
for  that  purpose ;  secondly,  what  work  there  is  to  be  done ;  and 
then  to  illustrate  these  remarks  by  a  brief  description  of  the  district 
with  which  I  am  best  acquainted — the  county  of  Leicester. 

Now,  in  learning  geology  I  need  not  say  that  if  there  is  any 
person  within  your  reach  who  is  qualified  to  teach  the  subject, 
that  you  will  learn  more  rapidly  from  him  than  if  left  to  your 
own  devices.     The  Science   and  Art   Department  has  raised  a 
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large  number  of  teachers;  and  there  were,  in  the  year  1874  lo 

1875,  i6j  classes  being  conducted  in  geology,  in  connection  with 

the  Department;  and  attending  these  classes  there  were  3183 

students.     If  you  are  within  reach  of  a  science  class,  taught  by  s 

good    teacher,    by   all  means  join    it ;    or  attend   a   course   of 

lectures  on  geology,  such  as  those  given  by  the  lecturers  sent  out 

from  Cambridge.     But  suppose  you  are  far  removed  from  ihem, 

and  are  not  within  reach  of  a  teacher — or  even  if  you  are — then 

certainly  your  first  step  must  be  to  master  thoroughly  some  good 

elementary  text-book.     It  is  quite  a  mistake  to  commence  with 

too  big  a  book.     It  is  much  better  to  begin  by  thoroughly 

learning  almost  by  heart  a  good  firiit  work,  so  as  to  fashion  in 

your  mind  the  skeleton  of  a  system   which  you  can  afterwards 

fill  up  with  details.    Then  obtain  a  geological  map  and  memoir  of 

the  district  in  which  you  live ;  and,  while  reading  your  text-book, 

walk  about  the  country  as  much  as  you  can,  keep  your  eyes 

open,  and  go  over  the  ground  again  and  again.     Do  not  be  die- 

heartened  if  everything  does  not  appear  clear — as  clear  as  the 

diagrams  in  your  book  ;  and  do  not  expect  to  see  fossils  everywhere 

standing  out  of  the  rocks,  begging  you  to  take  them.     I  find  that 

invariably  the  case  with  my  students.     They  go  to  places  which 

I   have,   perhaps,   described  as  containing  a  great  number  of 

fossils,  and  being  of  remarkable  interest ;  and  they  come  back 

and  say  they  were  unable  to  see  one.     That  may  be  done  over 

I  and  over  again.     You  have  to  get  your  geological  eyes,  and  then 

I  you  will  find  there  is  plenty  to  be  seen.    Take  note  of  every 

^  tmall  opening  in  the  ground ;  measure  it,  and  draw  it,  and  take 

I  specimens   of  the  rock  ;   and    always  be  careful  to  put  at  the 

I  time  a  label  upon  them ;  for,  if  that  is  not  done,  you  are  almost 

I  ture  to  make  a  mistake,  or  to  forget  where  your  specimen  came 

[  from.     In  this  way  you  will  lay  the  foundation  of  a  collection  of 

I  TOcks  and  fossils  which  may  ultimately  become  of  real  service  to 

I  fcience.     Lastly,  take  care  to  see  all  sections  of  rocks,  in  railway 

I  cuttings,  brickpits,  quarries,  wells  in  process  of  sinking,  house  fouri' 

y  dations,  drains,  sewers,  ditches,  gravel  pits,  banks  of  brooks  and 

I  nvers,  and  coast  lines— if  you  should  be  fortunate  enough  to  live 

"rt  a  country  touching  the  sea.     But  you  learn,  as  you  study  your 
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geology,  to  be  thankful  for  small  exposures  of  the  rock.  Yob 
will  see  much  more  in  a  mere  drain  cutting,  as  you  progress,  tiian 
you  would  at  first  have  thought  could  possibly  have  been  learned 
from  it  about  a  rock. 

Books  will  not  enable  you  to  recognize  minerals,  rocks,  and 
fossils,  with  the  exception  of  a  few  of  the  more  common  kinds. 
You  must  have  access  to  specimens.  If  you  have  a  good  locat 
museum,  go  to  it ;  or  if  you  live  in  London,  go  to  the  Bri 
Museum,  or  the  Geological  Museum  in  Jermyn  Street,  and  this  will 
greatly  help  you  ;  and  if  you  write  out  lists  of  all  the  local  speci- 
mens in  the  cases,  endeavouring  to  make  a  rough  sketch  of  them 
too.you  will  soon  recognize  the  principal  varieties.  To  be  able  to 
handle  the  specimens  is  a  great  point ;  and  there  are  now  so  many 
cheap  geological  collections  sold  by  dealers  in  fossils  and  minerals 
that  it  is  well  worth  while  to  buy  a  cheap  collection  ;  and  by  hand- 
ling the  specimens  over  and  over  again  to  get  to  know  every  one 
by  sight  without  having  to  look  for  the  name.  There  are  many 
such  elementary  collections  of  rocks  and  fossils  exhibited  here. 
Master  every  word  that  has  been  written  on  the  district  you  live 
in.  If  you  cannot  obtain  the  original  writings,  you  can  probably 
borrow  the  books  that  contain  them,  and  then  copy  them  all  out, 
word  for  word.  I  have  always  found  that  a  very  good  plan  ft>r 
fixing  it  in  the  mind. 

By  this  time,  you  will,  I  hope,  have  become  a  local  geologist, 
and  ready  to  take  part  in  deciphering  the  portion  of  the  book  rf 
nature  which  lies  within  your  immediate  ken. 

Now,  is  there  any  use  to  which  you  can  put  yourselves  ? 
there  anything  you  can  do  ?  I  have  often  heard  it  remarked  :' 
"  The  Geological  Survey  has  been  over  the  district,  and  mapped  all 
the  rocks,  and  shown  where  they  are ;  there  is  no  work  left  foi 
you  to  do.  What  good  can  you  do  by  poking  about  after  them  ?  " 
Granting  there  was  nothing  to  be  done,  it  would  be  still  essential 
for  any  one  who  wished  to  acquire  a  true  knowledge  of  geology- 
to  go  over  the  ground  for  himself.  Unless  you  deny  that  geology' 
has  any  educational  value  at  ail — and  I  believe  it  has  the  veiy 
highest  educational  value — it  is  certain  that  any  one  who  wishes-' 
to  be  at  all  acquainted  with  geological  sdence  must  study  tfaei 
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iriiole  thing  for  himself.  It  is  no  use  simply  reading  what 
Others  have  learned,  and  told  us  about  it ;  you  must  see  every- 
thing for  yourselves.  But  you  may  not  be  so  fortunate  as  to 
have  had  the  geological  survey  in  your  district,  for  the  whole  of 
England  has  not  yet  been  done  even  on  the  one-inch  scale.  And 
supposing  that  to  be  the  case,  you  may  render  great  help  to  Ihe 
science  by  learning  alt  you  can  about  the  district,  and  when  the 
surveyor  comes  to  your  place  by  communicating  your  information 
to  him.  In  Leicestershire— the  geological  survey  of  the  western 
part  of  which  was  done  about  iS6o,  by  Professor  Hull — there 
was  a  local  geologist,  living  nearly  ai  the  centre— at  Ashby-de-la- 
Zouch— the  late  Rev.  W.  H.  Coleman  ;  and  when  Professor  Hull 
came  down  there  in  i860,  he  found  that  the  information  that  Mr. 
Coleman  rendered  him  enabled  him  to  do  his  work,  notonlymore 
expeiiiriously,  but  far  more  efficiently  than  he  could  otherwise 
have  done,  a  fact  which  he  acknowledges  in  his  memoir  of  the 
Leicestershire  coal  field. 

The  local  worker  should  keep  a  record  of  his  observations. 
Every  fact,  however  unimportant,  should  be  noted  down.  Manjr 
valuable  facts  have  been  lost  or  forgotten,  for  want  of  this 
precaution.  All  freshly- ex  posed  sections  of  rocks  should  be 
carefully  measured  and  noted  at  the  time  of  their  exposure. 
Railway  cuttings,  for  instance,  soon  become  smoothed  down, 
ind  overgrown,  and  difhcull  of  observation.  A  record  of  all 
nnkings  and  borings,  etc.,  may  also  become  of  great  service, 
and  a  person  living  on  the  spot  has  the  opportunity  of  making 
these  observations,  and  if  not  made  at  the  time  they  become 
lost  and  forgotten.  In  collecting,  endeavour  to  aid  your  locaJ 
museum.  This  is  a  point  which  1  speak  feelingly  upon,  because 
1  belong  to  a  local  museum  myself.  Take  a  specimen  for 
yourself,  and  one  for  the  museum.  The  local  museum  should 
aim  at  illustrating  completely  the  particular  district  in  which  it  is 
situated  ;  and  it  cannot  do  this  without  the  aid  of  local  workers. 
Your  collection  cannot  very  well  be  too  large.  Do  not  be  content 
with  one  specimen  only  of  a  thing  ;  gel  a  good  many,  and  you  may 
do  more  than  you  think  by  their  aid.  Here,  for  instance,  is  an 
■Bunonite  {A,  taUtiafus),  which  we  find  only  in  the  Lower  Lias 
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in  Leicestershire  ;  and  this  ammonite  exhibits  very  strange  variOf 
tions.  It  is,  however,  (airly  constant  in  appearance,  form,  shape, 
and  so  on,  and  the  alterations  are  slight ;  yet  it  is  just  possible, 
by  collecting  larger  numbers,  ihal  we  may  be  able  to  trace  it 
passing  into  some  other  species  of  ammonite ;  and  if  we  could 
do  that,  we  should  afford  the  very  strongest  help  to  the  theory  of 
evolution — to  those  facts  which  Darwin  has  spent  all  his  life  in 
finding  out.  This  Collection  contains  the  attempt  of  a  continental 
geologist.  Baron  von  Eltingshauseo,  to  show  that  the  fossil  rem 
of  one  species  of  plant  passes  into  another;  and  it  is  one  of  the 
most  interesting  things  in  the  building.  Here  is  a  leaf  of  the  tree 
Caitanea  z-esca,  or  perhaps  you  will  know  it  better  as  the  Spanish 
chestnut.  In  many  rocks  the  leaves  of  trees  are  preserved  in 
great  perfection.  Here,  for  instance,  from  Dalmatia,  and  other 
parts  of  Austria,  the  gentleman  I  have  spoken  of  commenced 
collecting  a  large  number  of  leaves  of  trees  and  plants  ;  and 
here  is  a  leaf  which  is  found  in  beds  of  what  we  call  the  £oc*iu 
age.  Botanists  examined  this  leaf,  and  gave  it  the  i 
Castawa  atavia,  while  to  the  Spanish  chestnut  they  have  given 
the  name  of  Caslanca  trsca.  That  implies  that  they  both  belong  to 
the  same  genus ;  but  that  ihc  species  are  different.  This  Austrian 
geologist,  however,  has  got  a  great  many  other  specimens  which 
occur  in  rocks  between  this  older  Eoeene  period  and  the  present 
time  ;  and  in  his  collection  he  traces  these  leaves  through  newer 
rocks,  and  endeavours  to  show  that  the  one  species  gradually  p 
into  the  other.  If  we  look  at  the  two  leaves  together,  any  one 
would  see  that  C  ii/irrv'a  is  not  the  same  as  the  Spanish  chestnut ;  but' 
in  the  intervening  Miocene  time  there  are  leaves  a  little  more  like,' 
and  in  the  still  later  beds,  known  as  the  Pliocene,  the  leaves  are  a  triSe 
more  alike.  And,  lastly,  we  have  the  true  Spanish  chestnut  grow- 
ing now.  So  that  it  is  something  like  the  famous  case  of  wheat  at 
one  end  of  the  table,  and  a  loaf  of  bread  at  the  other.  A  person 
who  had  never  heard  of  the  thing  before,  when  he  saw  the  wheat 
at  one  end  of  the  table  and  a  loaf  at  the  other,  would  not  see 
any  connection  between  the  two.  But  when  he  was  shown  all  the 
sleps  in  the  process  of  making  bread,  he  would  see  the  connection. 
So  when  we  take  these  leaves,  and  see  a  gradual  change,  the  fomu: 
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becomiDg  nearer  and  nearei  until  at  last  we  come  to  the  Spanish 
chestnut,  it  is  dillicult  to  avoid  coming  to  the  conclusion  that  the 
plant  we  know  now  as  Spanish  chestnut  is  the  lineal  descendant 
of  the  tree  which  grew  in  Eocene  times  which  has  been  said  to 
belong  to  a  different  species.  If  we  grant  that  even  one  species 
can  change  in  that  way,  we  shall  do  aU  that  Mr.  Darwin  desires. 

Not  only  has  the  Austrian  geologist  exhibited  here  some  fine 
specimens,  but  a  local  geologist,  Mr.  J.  S.  Gardner,  has  exhibited 
some  beautiful  specimens  of  fossil  leaves  from  Bournemouth.  He  has 
not  been  so  bold  as  the  Austrian,  and  endeavoured  to  trace  the  deri- 
ration  of  one  species  from  another ;  but  certainly  his  collection  of 
leaf-remains  of  the  Eocene  period  is  one  of  the  most  interesting  in 
the  Collection,  It  is  of  exquisite  beauty  and  variety.  Mr.  Gardner 
also  exhibits  a  collection  of  shells  and  crustaceans  from  th'e  Gauit, 
a  bed  of  thick  clay  at  Folkestone.  He  shows  about  400  species 
of  crustaceans  and  shells  from  that  bed.  They  are  specimens  of 
remarkable  perfectness ;  and  if  every  local  geologist  would  work  as 
he  has  done,  for  instance,  we  should  very  soon  have  the  science  of 
geology  in  a  very  different  state  from  what  it  is  at  present- 
Having  mastered  thoroughly  the  structure  of  your  district,  you 
win  be  able  to  be  of  use  to  your  townspeople,  as  to  the  best 
plans  for  drainage,  for  water  supply,  and  possibly  even  in  such 
X  matter  as  the  choice  of  a  cemetery.  In  Leicester,  for  instance, 
•ome  years  ago,  they  laid  out  a  beautiful  new  cemetery  on  the 
cost-side,  in  a  very  stiff  blue  clay,  which  is  admirably  fitted  to 
preserve  the  bodies  of  those  laid  therein.  Well,  if  they  hatl 
formed  it  on  die  west  side,  il  would  have  been  in  sand  and 
gravel,  which  would  have  been  far  better  suited  for  the  purpose. 
Encourage  young  workers  and  beginners  by  advice  and  aid ; 
enlist  all  the  quairj-men  and  miners  in  the  study  of  geolog)-,  not 
only  by  rewarding  them  for  any  fossils  they  find,  but  by  endea- 
vouring to  teach  them  something  of  the  rocks  among  which  they 
work.  You  will  find  here  and  there  one  who  will  repay 
your  labour.  Model  your  district,  if  you  can.  To  the  general  public 
these  Survey  maps  do  not  convey,  at  first,  very  much  information ; 
but  if  you  can  make  a  model  of  your  district,  such  as  this  which 
was  made  by  Mr.  Clifton  Ward,  of  the  Geological  Survey,  and 
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represents  part  of  the  lake  district  around  Keswick,  it  will  make 
it  more  interesting.  One  of  these  models  is  coloured  geologically 
and  the  other  represents  the  glacial  period,  showing  the  direction 
of  the  flow  of  the  glaciers  most  beautifully,  and  how  they 
scooped  out  the  basins  which  the  lakes  row  occupy.  There  are 
many  other  ways  in  which  good  work  can  bedone— as  in  founding 
local  scientific  societies,  reading  papers,  and  so  on ;  but  it  Js 
already,  I  hope,  plain  that  the  local  geologist  can  do  much  to 
benefit  science  generally,  his  district,  and  himself. 

I  will  now  briefly  describe  to  you  the  geology  of  Leicester- 
shire, because  I  can  perhaps  show  in  some  degree  the  manner 
of  work  we  are  trying  to  do  there.  The  county  of  Leicester  ts 
shown  on  this  map,  and  there  is  also  a  diagram  that  you  may 
imagine'  to  represent  a  section  of  the  rocks  of  the  county.  If 
you  were  to  make  two  deep  cuts,  one  across  West  Leicestershire 
and  the  other  across  East  Leicestershire,  so  as  to  lay  bare  a  great 
horizontal  section  of  the  earth,  you  would  then  see  something 
like  what  is  shown  in  these  diagrams. 

The  unique  feature  of  Leicestershire  is  the  uprising  in  its  north- 
western division  of  the  mass  of  rocks  which  constitute  the  whole 
region  of  Chamwood  Forest.  This  region  of  hard  igneous  and 
metamorphic  rock  seems  out  of  place  in  the  centre  of  England. 
I  have  often  conducted  over  it  scientific  societies  from  otha 
parts,  and  have  always  heard  this  exclamation,  "  How  like 
Wales ! "  or  "  How  like  Cumberland ! "  To  find  such  a  region  in  the 
very  centre  of  England  seems  almost  to  startle  people.  The  Forest 
rocks  rise  to  a  height  at*  the  highest  point  of  a  little  over  goo  feet, 
and  the  region  is  composed  of  syenite,  and  at  one  place  we  find 
a  true  granite ;  there  are  also  slates  and  volcanic  agglomerates. 
You  are  perhaps  more  familiar  with  the  rocks  of  Chamwood 
Forest  in  London  than  you  know  of,  because  a  great  deal  of 
granite  from  the  quarries  there  is  sent  up  to  London  in  the  shape 
of  thousands  of  tons  of  paving  setts.  Here  for  example  is  a 
specimen  of  Homblendic  granite,  from  the  Mount  Sorrel  granite 
quarries.  The  stones  of  (he  street  in  fact  afford  a  very  good 
geological  study,  and  especially  after  a  good  shower,  which  brings 
out  their  colours,     lliere  are  two  varieties  of  the  Mount  Sor«1 
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granite,  one  of  a  whitish  and  the  other  of  a  pinkish  tinge,  due  to 
the  difference  in  one  of  the  minerals,  the  felspar.  At  Mount 
Sorrel  we  find  the  rare  mineral  molybdenile,  which  is  very  much 
like  lead,  and  marks  paper  like  it,  but  it  is  a  different  substance.  At 
Groby  there  are  other  quarries  which  yield  a  greenish  syenite,  and 
it  was  from  there  that  Mr.  Sorby,  of  Sheffield,  obtained  the  rock 
which  he  sliced  into  thin  sections,  and  endeavoured  to  prove  ihe 
date  at  which  it  was  formed.  This  making  of  thin  rock  sections  is  a 
modem  branch  of  geological  inquiry  which  is  very  useful,  and 
there  is  here  a  case  of  Mr.  Sorby's  slices  cut  so  thin  as  to  be 
transparent.  You  can  examine  them  under  the  microscope  and 
see  all  the  crystals  they  are  composed  of.  In  his  memoir  he 
describes  the  rock  he  examined  as  coming  from  Mount  Sorrel, 
but  it  was  really  from  Groby.  These  thin  sections  are  also 
beautifully  shown  here  by  Mr.  Clifton  Ward.  Of  course  you 
canDOt  see  much  of  them,  but  here  are  some  photographs  which 
show  the  appearance  of  the  rocks  of  the  lake  district,  enlarged 
by  photographic  means,  and  you  can  clearly  make  out  the 
different  crystals  which  compose  the  rock.  This  microscopic 
geology  lends  great  aid  to  the  determination  of  the  origin  of 
rocks. 

Chamwood  Forest  is  our  geological  puzzle  in  Leicestershire, 
and  it  is  a  very  haid  nut  to  crack.  There  is  an  immense 
thickness  of  these  rocks,  slates  and  so  on,  but  they  have  not 
yielded  a  single  trace  of  life  from  beginning  to  end ;  they  are  put 
down  on  the  Survey  map  as  of  the  Cambrian  age,  simply  because 
Professor  Sedgwick,  who  first  visited  them,  thought  they  belonged 
to  the  Cambrian  ijeriod.  That  was  in  1832.  Professor  Sedgwick 
had  just  come  from  Wales,  and  he  put  them  down  as  being  of  the 
same  age,  but  there  is  little  evidence  for  it.  They  may  be  older, 
they  may  be  of  the  Laurentian  period,  the  oldest  of  all  stratified 
rocks,   and    some   geologists   have    lately  considered    that    they 

I  belong  to  that  period.  For  myself  I  prefer  to  bring  them 
forward,  and,  instead  of  saying  they  were  older  than  the 
Cambrian,  lo  put  them  in  the  Silurian  group.  The  re, 
that  1  could  give  you,  but  it  would  take  too  long  to  go  into 
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There  are  some  photographs  here  which  wc  have  had  dose 
of  the  principal  exposures  of  rocks  in  Leicestershire,  and 
if  you  look  at  them  you  will  see  they  present  many  points  oj 

interest.  The  change  in  quarries  and  rocks  is  so  great,  that 
it  is  one  thing  which  local  geologists  may  do,  to  perpetuate  these 
sections,  to  have  them  photographed  at  ihe  time  when  they  are 
well  exposed.  Unfortunately  not  only  are  there  no  fossils  fouud 
in  Charowood  Forest,  but  there  are  no  other  old  rocks  near  to  com- 
pare them  with.  The  oldest  rocks  near  to  them  are  of  the  carbo* 
niferous  age,  and  we  know  they  must  be  a  great  deal  newer,  bul 
unfortunately  there  are  no  very  old  rocks  to  compare  them  with. 
On  the  north  of  the  Forest  there  is  some  mountain  limestone  and 
millstone  grit,  bul  no  other  rocks.  Of  the  slates  of  Charnwood 
I  have  some  specimens  here,  and  they  are  curiously  banded, 
me  they  present  the  appearance  of  volcanic  ashes,  as  if  there  bad 
been  going  on  during  the  time  of  their  production  a  great  deal  of 
submarine  ejectments  from  volcanoes,  which  were  spread  out 
on  the  sea  bottom  ;  and  if  that  was  the  case  we  can  easily 
understand  that  in  those  muddy  disturbed  heated  seas  there 
would  be  little  chance  for  much  life  to  exist.  Moreover,  this 
would  aid  us  in  determining  dates.  Neither  the  Laurentian 
Cambrian  periods  are  marked  by  signs  of  much  volcanic  action, 
bul  the  Silurian,  which  is  more  recent,  is.  By  the  bye,  there  is  one 
place  near  Woodhouse  Eaves  where  we  have  in  the  rock  a  number 
of  concentric  rings  or  furrows  in  the  slate,  but  whether  this  appear- 
ance is  of  organic  origin  or  not  we  cannot  well  say.  Tbete 
is  nothing  livmg  now  to  which  it  can  be  referred,  and  it  ma) 
be  only  an  accretion. 

There  are  some  specimens  also  exhibited  here  by  Mr.  Sorby 
showing  the  cleavage  of  slates.  You  know  that  ordinary  rocks 
which  were  laid  down  on  the  sea  bottom  will  split  along  the 
planes  of  bedding.  If  you  take  a  bed  of  limestone  or  a  bed  of 
marl  or  any  ordinary  stratified  rock,  it  will  split  along  the  line  of 
bedding.  Slates,  on  the  other  hand,  do  not  split  along  the  line  of 
bedding,  and  when  you  stand  by  the  side  of  one  of  the  great 
Charnwood  slate  quarries  you  can  see  what  the  original  line  of 
bedding  was.     First  there  is  a  streak  of  white,  and  then  a  streak 


1  that  way,  but 
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of  red,  and  so  on,  but  the  rock  does  not  split 
perhaps  at  right  angles  to  it. 

The  phenomenon  of  slaty  cleavage  was  illustrated  by  Mr. 
Sorby,  and  has  also  been  examined  by  Professor  Tyndali.  Mr. 
Sorby's  experiments  were  most  ingenious.  He  mixed  clay  with 
bits  of  blue  blotting  paper,  and  dien  subjected  it  to  great  presurc  in 
a  hydraulic  press ;  he  also  mixed  clay  with  iron-filings,  and  treated 
it  the  same  way,  and  these  specimens  were  found  to  split  at  right 
angles  to  the  Une  of  pressure.  Professor  Tyndali  has  done  the 
same  thing,  and  bas  also  improved  the  experiment  in  some  respects 
by  using  wax.  It  was  found  that  this  slaty  cleavage  must  have 
been  the  result  of  great  pressure,  probably  side  pressure.  To 
anybody  who  is  stud}ing  geology  and  how  cleavage  is  produced 
in  slates,  the  examining  of  ibe  specimens  exhibited  here  will  be 
very  usefid. 

But  I  must  not  stop  at  Chamwood  Forest  any  longer.  On  the 
north  of  Chamwood  there  is  mountain  limestone  and  a  little 
millstone  grit,  and  then  conie  the  coat  measures,  which  are  marked 
on  the  map  by  thick  black  lines.  The  Leicestershire  coal-field 
is  often  called  the  coal  field  of  Ashby-de-la-Zouch,  because  that 
town  is  nearly  in  its  centre ;  but  the  country  about  Ashby  is  nearly 
destitute  of  coal,  although  coal  lies  on  each  side  of  it.  On  one 
side  there  is  the  Wbitwiek  coal-field  and  on  the  other  the  Moin 
coal-field,  but  at  Ashby  there  is  no  coal.  There  we  have  a  mass  of 
rock  like  a  great  wall,  comi)osed  chiefly  of  shales,  etc.,  between  the 
coal  district  of  Whitwick  and  that  of  Moira.  These  beds  ought 
properly  to  have  been  down  below,  and  if  we  were  to  descend 
through  the  coal  fields  we  should  come  upon  the  beds  which  near 
Ashby  are  at  the  surface.  This  mass  of  rock  has  been  thrust  up, 
and  then  all  the  upper  part  worn  off.  Probably  the  Leicester- 
shire coal-field  was  continuous  with  that  of  Nottingham,  but  the 
Chornwood  district  being  upheaved,  the  coal  measures,  with  the 
beds  of  coal  on  the  top,  were  denuded  oflT,  and  now  we  get  the 
coal  beds  running  up  against  the  mctainorphic  rocks  of  Charuwood. 
You  see  marked  on  the  section  also  a  very  singular  bed  of  rock 
marking  the  outflow  of  a  volcanic  rock,  coming  up  between  the  coal 
measures  and  the  Chamwood  rocks ;  it  then  spread  out  on  the  top 
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of  the  coal  measures,  burning  and  baking  the  beds  it  flowed  over, 
and  in  the  \Vhitwick  coUiery  they  sunk  through  60  feet  in  one  pit 
and  80  feet  in  another  of  this  basalt,  which  flowed  out  probably 
beneath  the  sea.  Here  are  some  specimens  of  it,  and  the  clay  it 
flowed  over,  burnt,  baked,  and  charred.  The  proper  name  of  this 
volcanic  rock  is  dolerite.  The  central  part  is  very  compact,  but  the 
upper  portion  is  much  less  so.  The  beds  that  rest  upon  it  are  not 
the  least  altered,  so  that  it  had  time  to  coo!  before  they  were  depo- 
sited. The  Main  coal  which  is  worked  is  a  good  seam  which  is  14 
feet  thick  in  the  Moira,  and  about  5  or  6  in  the  Whitwick  division- 
About  one  million  tons  of  coal  are  raised  yearly  from  the 
Leicestershire  coal  field,  and  we  calculate  that  there  are  at  least  350 
million  Ions  waiting  to  be  raised  ;  so  that  it  will  only  last  300  or 
400  years,  unless  it  should  extend  farther  than  we  now  know.  It 
probably  does  extend  east\vards  underneath  the  rocks  above. 

Above  the  Oarboniferous  formation  there  ought  to  be  the 
Permian,  and  there  are  one  or  two  patches  of  rock  of  that  age. 
Then  we  come  to  the  great  series  of  rocks  called  the  Trias, 
because  on  the  Continent  there  are  three  divisions  of  theta. 
Here  in  England  we  have  only  two  divisions— the  lower,  called 
the  Bunter;  and  the  upper,  called  the  Keuper ;  the  middle 
division,  called  Muschelkalk,  you  do  not  find  in  England.  The 
bunter  rests  on  the  coal,  but  in  one  part  the  bunter  is  absent,  and 
the  keuper,  or  red  marl,  rests  directly  on  the  coal  measures.  That 
would  show  that  this  district  was  at  a  certain  elevation  at  the 
time  this  bunter  was  deposited,  and  then  the  whole  district  went 
on  sinking  after  the  keuper  beds  were  deposited.  These  Triassic 
beds,  especially  the  keuper,  are  very  interesting.  One  phenomenon 
they  exhibit  is  what  we  call  false  bedding.  There  are  maoy 
places  in  Leicestershire  where  the  keuper  sandstone  shows 
lines  ranged  diagonaUy  with  little  black  particles  of  coai, 
making  streaks ;  the  great  beds  are  laid  one  over  another, 
but  in  each  bed  the  line  of  bedding  slants.  We  call  that  false 
bedding.  It  was  for  a  long  rime  a  puzzle  to  account  for  it ;  but 
we  now  believe  it  was  done  by  the  action  of  currents  of  those  seas 
drifting  the  sand  over  a  submarine  bank,  where  it  settled.  There 
is  a  model  here,  devised  by  Mr.  Sorby,  which  illustrates  that.  Here 
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is  a  box  which  contains  sand,  and  to  represent  the  motion  of  the 
current  there  is  a  long  tube  with  a  screw  carrying  the  sand,  and  as 
you  turn  the  handle  the  sand  is  carried  on  just  as  a  current  of 
water  would  carry  it.  You  see  the  sand  is  deposited  in  regular 
sloping  lines,  as  was  the  case  in  these  Triassic  beds.  That  shows 
us  that  those  seas  were  shallow,  because  we  know  thai  currents 
have  no  effect  at  a  depth  of  50  or  60  feet,  or  comparatively  little 
effect. 

There  is  another  model,  exhibited  by  Mr.  Sorby,  illustrating 
another  point  also.  In  many  of  these  red  marls  you  will  find,  what 
I  dare  say  you  have  often  seen  at  the  sea-side,  a  number  of  wavy 
marks,  which  you  call  the  ripple  mark.  You  find  these  in  old  rocks 
millions  of  years  old  at  least.  The  question  is,  how  was  that  ripple 
mark  produced  ?  This  model  shows  it.  The  white  spots  at  the 
top  are  intended  to  represent  the  tops  of  the  waves,  and  the  lower 
ones  the  motion  at  the  bottom  of  the  waves,  in  passing  over  a 
sandy  shore.  When  you  turn  the  handle  at  the  back,  the  upper 
portion  will  show  the  motion  of  the  top  of  the  wave,  and  the 
under  portion  will  show  the  retarded  motion  at  the  bottom  of  the 
wave,  which  was  caused  by  the  sand.  Vou  will  see  that  while 
the  lop  of  the  wave  moves  in  a  beautiful  undulation  the  bottom 
moves  backwards  and  forwards,  throwing  the  sand  it  would  rest 
on  into  a  number  of  curves,  such  as  you  see  on  any  sea  shore ; 
so  we  have  preserved  to  us  in  these  ripple-marked  triassic  marls 
and  sandstones,  the  record  of  that  old  sea  beach. 

In  East  Leicestershire  we  come  to  newer  rocks.  The  town 
of  Leicester  is  built  on  each  side  of  the  River  Soar ;  near  to  it 
we  get  above  the  Triassic  rocks  a  thin  bed,  which  we  call  the 
Rhaeiia.  I  was  fortunate  enough  to  be  able  to  prove  the  presence 
of  that  formation  in  Leicestershire,  for  it  was  not  known  until  two 
years  ago  that  it  occurred  there.  It  was  known  to  occur  in  the 
south-west  of  England  and  in  Lincolnshire,  and  if  it  occurred  there 
it  seemed  to  me  it  ought  to  occur  in  Leicestershire  also ;  so,  hunt- 
ing it  up,  and  following  the  line  where  it  ought  to  occur,  I  knev. 
if  it  were  present  at  all  it  would  be  between  these  red  Trii 
marls  and  these  blue  Liassic  clays,  But  after  long  looking  Z' 
found  a  section  in  it  at  last  about  100  yards  from  my  own  house. 
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Just  at  the  base  of  the  Rhmtic  beds  there  is  a  curious  bed 
contaiDiDg  a  mass  of  bones  and  teeth  of  several  kinds  of  fishes,  of 

iclithyosaunis,  plesiosaunis,  and  fish  spines.  I  found  in  that  bed 
two  new  species  of  fossils,  one  a  star-fish  {OpkioUpis  Damaii),  acoA 
another  a  species  of  fish  (^Plwlidopherus  Mottiana).  Above  the 
Rhaetic  beds,  which  are  of  no  great  thickness,  we  get  liassie  clays 
about  500  feet  thick,  forming  the  great  pasture  lands  of  East 
Leicestershire,  which  is  a  famous  hunting  district,  and  is  nearly 
all  in  grass.  Cattle  fatten  there  readily,  although  the  clays  only 
grow  long  grasses  and  rushes,  and  it  is  there  that  most  of  the 
Stilton  cheese  is  produced. 

Then  you  come  to  a  long  slope  of  the  wh^i/Z^/wj  capped  by  a  red 
band  called  iiiarisl/>ne,which  contains  numerous  fossil  shells  mostlyof 
one  or  two  kinds  {Rhyncoiidia  Utrahedm,  and  Terfhratula punctata 
occur  in  masses).  Then  come  the  upper  lias  days,  and  in  the 
extreme  east  of  the  county  the  Northampton  tand,  which  they  are 
working  very  largely  in  Northamptonshire  for  iron.  It  is  not  so  rich 
in  iron  in  Leicestershire.  Above  the  Northampton  sand  we  find 
the  Lincolmhire  oolite  limestone.  A  gentleman  who  did  a  great  deal 
in  arranging  this  Collection,  Prof.  Judd,  was  the  person  who,  in 
surveying  East  Leicestershire,  ranged  these  Oolitic  beds  in  their 
proper  place.  They  were  formeriy  placed  with  the  Great  Oolites  of 
the  west,  but  theyreally  belong  to  the  Inferior  Oolites.  Mr.  Judd's 
map  of  Leicestershire,  with  the  memoir  he  wrote  to  accompany  it, 
is  a  piece  of  the  most  admirable  geological  work  1  ever  haij  the 
pleasure  of  examining. 

That  concludes  the  series  of  rocks  which  make  up  the  solid  mass 
of  Leicestershire;  but  there  are  also,  scattered  over  the  surface,  irre- 
gular beds  of  gravel,  sand  and  clay,  which  we  call  the  drift.  Now 
the  Geological  Survey  in  this  country  does  not  show  the  drift, 
but  really  it  is  to  farmers  and  agriculturists  a  most  important  part. 
They  do  not  care  so  much  about  what  makes  the  solid  crust  of  the 
earth,  as  what  makes  the  soil  itself,  and  it  is  the  rf/:(// which  makes 
the  soil.  In  the  map  of  London  on  ask  inch  scale  they  have  tried 
to  show  the  drift— where  the  sand  occupied  the  surface,  where  the 
gravel,  and  so  on  ;  and  1  believe  on  all  their  maps  in  future  they  are 
going  to  show  the  drift,  or  to  have  special  maps  for  showing  it. 
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Then  there  arc  the  river  sands  and  river  gravels  ;  you  must  not 
think  they  are  entirely  barren,  for  they  give  rise  to  a  most 
inlerestiiig  geologica.1  inquiry,  where  geology  and  archaMlogy  meet, 
namely  the  question  as  to  the  origin  of  man.  You  know  there  was 
a  time  when  meo  used  tools  of  stone,  before  they  found  out 
metals.  The  first  tools  they  used  were  very  rough,  merely  lumps 
of  flint  chipped  out  roughly.  Wc  get  no  relics  of  that  period 
(which  is  called  the  palaolithic  age)  in  Leicesterahirc,  but  we  do 
find  relics  of  the  neotithic  period,  when  ihey  not  only  shaped  tlieir 
tools  roughly  but  rubbed  and  polished  them.  Here  is  a  skin 
scraper  made  of  flint,  which  1  found  only  a  little  time  ago, 
which  is  interesting  because  a  single  instrument  forms  a  skin 
scraper  at  one  end,  and  at  the  other  end  it  is  hollowed  out  ' 
to  form  an  arrow  scraper,  to  give  the  round  form  to  the  arrow 
stems.  Here  is  a  curious  article  which  I  brought  up  with  me,  to 
sec  if  any  one  can  tell  me  what  it  was  used  for.  It  is  a  hollow  ring 
of  stone ;  it  may  be  a  weight  for  a  digging  stick.  The  savages  in 
Mexico  use  a  stone  something  like  this  to  weight  their  sticks.  An 
ordinary  stick  will  not  make  much  impression  on  the  ground,  but 
if  you  weight  the  end  of  ii  you  will  be  able  to  force  in  the  stick 
much  better.  The  people  of  the  Solomon  Islands  use  something 
similar  for  the  heads  of  their  clubs,  and  this  may  have  been  used 
for  either  of  those  purposes.  Here  is  another  specimen  known 
as  a  liuky  stent,  a  pebble  with  a  hole  through  it.  This  was 
preserved  for  many  generations  in  one  family,  untfl  within  the 
last  few  years,  and  great  virtues  were  attributed  to  it.  There  is  a 
label  attached  to  it  which  says  that  it  prevented  the  entrance  of 
fairies  into  the  daiiy,  kept  off  agues,  and  charmed  off  warts.  It  is 
an  interesting  relic.  Apparently  long  after  the  stone  jx-riod, 
when  people  had  forgotten  all  about  the  use  of  these  implements 
of  stone,  they  venerated  them  when  they  found  them.  In  Ireland. 
for  instance,  these  flint  arrow  heads  are  known  as  lairy  arrows,  and 
in  the  British  Museum  there  is  a  beautiful  gold  Etruscan  necklace 
which  has  a  flint  arrowhead  as  a  pendant.  It  is  possible  that  our 
lucky  stone  may  be  a  relic  of  the  superstition  of  that  time,— the 
belief  in  the  sacred  character  of  such  stone  objects. 
In    conclusion,  let   me  express  a  hope  that   in  the  Science 
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Museum,  which  I  trust  the  admirable  collection  in  these  galleries 
will  lead  to,  the  claims  of  geology  will  not  be  forgotten.  Illustra- 
tions of  the  history  of  the  science,  together  with  educational 
apparatus  of  all  kinds  to  aid  in  its  study,  may  there  find  a  fitting 
home,  and  fill  a  gap  which  is  not  filled  by  either  of  our  great 
National  Institutions.  Such  a  collection  would,  I  am  stron^y 
convinced,  tend  to  popularise  the  study  of  geology  in  this 
coimtry,  which  has  been  die  object  towards  which  my  observations 
have  been  directed. 

The  Chairman  :  You  will  allow  me,  I  am  sure,  to  return 
thanks  on  your  behalf  to  Mr.  Harrison  for  this,  very  interesting 
lecture.  It  will  no  doubt  have  the  effect  of  inspiring  many  of  us 
with  the  desire  to  pursue  the  study  he  has  brought  before  us  so 
pleasantly. 
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ON    THE    PHYSICAL  GEOLOGY  OF    IRELAND 
AS     COMPARED    WITH    THAT    OF 
BRITAIN. 

Bv  Professor  E,  Hull,  F,R.S. 
August  istA,  1876. 

Majok  Donnelly,  R.E.,  in  the  Cuaik. 

The  Chairman  :  Ladies  and  Gentlemen, — It  is  my  duty  this 
evening  to  introduce  to  you  Professor  Hull,  Director  of  the 
Geological  Survey  of  Ireland,  who  will  now  give  you  a  lecture 
on  the  comparative  physical  geology  of  Ireland  and  Great 
Britain. 

Professor  Hull  :  Ladies  and  Gentlemen, — You  will  be 
aware  that  in  the  short  space  of  an  hour  it  would  be  impossible 
for  me  to  give  any  very  lengthened  account  of  either  the 
analogies  or  the  differences  between  the  physical  features  of 
Ireland  and  those  of  Great  Britain.  I  have,  therefore,  selected  four 
subjects,  each  of  which  I  hope,  with  your  patient  attention  and 
my  best  efforts,  I  shall  be  able  to  explain  to  you, 

1  shall  take,  in  the  first  instance,  the  different  mountain  ranges 
of  Ireland  and  endeavour  to  show  what  are  their  respective  ages, 
geologically ;  and  also  what  mountain  ranges,  or  groups,  in  Great 
Britain  belong  to  the  same  geological  period.  Next,  I  shall  take 
the  question  of  the  formation  of  the  central  plain  of  Ireland  ; 
thirdly,  1  shall  endeavour  to  answer  the  question,  which  has 
frequently  been  put  to  me, "  why  is  it  there  is  so  little  coal  in  Ireland 
as  compared  with  Great  Britain?"  and,  fourthly.  I  shall  give  you 
Borne  account  of  the  origin  of  the  numerous  lakes  which  are  scattered 
over  the  greater  part  of  the  central  plain. 
,_  Now,  Ireland  may  be  considered  as  a  great  cauldron ;  a  great 
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plain  bounded  in  various  directions  by  mountains,  either  as 
ranges  or  as  groups  ;  but  not  entirely  surrounded  by  mountains  ;  as, 
foriDstance,  from  the  coast  between  Dublin  Bay  and  Dundalk  Bay 
on  the  east,  to  Galway  Bay  on  ihe  west ;  and  if  we  took  such  a 
line,  we  should  find  that  it  passed  almost  entirely  over  that  great 
blue  formation  on  the  geological  map  known  as  the  Carboni- 
ferous Limestone.  But  in  other  directions  we  have  different 
mountain  ranges,  and  dividing  them  into  five  groups  we  stuUI 
consider  them  in  this  order  ; 

1.  The  Nortb-Westem  Highlands  of  Donegal,  a.  The 
Western  Highlands  of  Mayo  and  Galway  (Connemara).  3.  The 
South-Westem  Highlands  of  Kerry,  Cork,  and  Tipperaiy,  4. 
The  South-Eastem  Highlands  of  Wicklow  and  Dublin.  5.  The 
North-Eastem  Highlands  of  Louth  and  Down  (Carlingford  and 
Moume). 

Now,  what  is  the  geological  age  of  these  different  mountain 
ranges  ?  Do  they  belong  to  different  geological  periods  or  to  one  ? 
We  are  fortunately  in  a  position  to  answer  these  questions  with 
considerable  accuracy  as  regards  this  country,  for  our  evidence  is 
very  definite.  Taking  first  the  North- Western  Highlands  of 
Donegal,  we  may  consider  them  in  fact,  as  continued  into  Mayo  and 
Galway,  separated  by  this  great  Donegal  Bay,  but  physically 
forming  one  range  of  mountains.  This  range  is  also  simply 
a  continuation,  rising  out  of  the  sea,  of  the  North-Westem 
Highlands  of  Scotland  ;  the  strata  belong  to  the  same  great  group 
of  rocks,  the  great "  metamorphic  group  ";  and  they  have  been  first 
upheaved  fi-om  beneath  the  sea,  and  then  transformed  from  their 
original  condition  into  that  class  of  rocks  which  we  call "  meta- 
morphic "  at  some  distant  geological  period. 

Now  we  come  to  consider  what  this  geological  period  was,  Bnt 
first  I  had  better  state  to  you  what  we  understand  by  the  term 
"  metamorphic  rocks."  If  you  look  at  this  geological  map,  which 
I  may  state  is  the  first  geological  map  of  Ireland  which  ever  was 
constructed,  and  made  by  him  whom  we  call  "  the  father  of  Irish 
geology,"  as  William  Smith  was  "  the  father  of  English  geology," 
I  mean  Sir  Richard  Griffith  —  it  is  a  beautiful  specimen  both 
of  workmanship  and    industrious  labour   carried    out  over   a 
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series  of  years,  of  great  acumen  and  judgment  in  collecting, 
unravelling,  and  correlating  the  geological  evidence — referring  then 
to  this  map  of  Griffith's  you  will  see  that  the  Donegal  mountains 
are  partly  composed  of  strata  which  arc  coloured  red,  others 
which  are  coloured  purple,  and  others  coloured  yellow.  Now  the 
red  means  foliated  granite,  the  purple  means  schists  of  various  . 
kinds,  the  yellow  me^s  quartzite,  and  these  rocks  are  called 
"  metamorphic  "  because  they  do  not  exist  in  their  original  state, 
but  have  been  metamorphosed,  or  altered  in  their  condition,  by 
what  we  may  call  aquitherm.il  processes — that  is  to  say,  by  heat, 
and  highly  heated  water  under  great  pressure.  I  will  not  enter 
into  that  question  now,  but  merely  state  that  the  original  slates 
of  which  these  mountains  were  composed  have  been  converted  by 
this  metamorphic  process  into  mica  schists  and  hornblende  schist, 
and  a  variety  of  other  rocks,  and  sometimes  a  step  further  into 
gneiss,  and  uldmately,  very  often,  into  granite  ;  that  the  original 
sandstones  of  which  these  beds  were  composed  have  been 
converted  by  the  metamorphic  process  inlo  quartzite,  coloured 
yellow  on  the  map ;  that  limestones  have  licen  converted  into 
crystalline  marbles,  and  that  some  of  the  pyroxenic  rocks,  the 
trap  rocks  of  the  period,  have  been  converted  into  hornblende 
rock  and  serpentine. 

Now  the  period  at  which  this  alteration  took  place  was  the  period 
to  which  we  may  refer  the  origin  of  these  mountain  ranges.  It  was 
the  period  in  which  not  only  the  metamorpF^ism  look  place,  but 
these  rocks  were  crumpled  and  foliated  and  thrown  into  great 
flexures  ranging,  as  the  map  almost  itself  suggests,  in  north-east  and 
south-west  directions.  Jf  we  refer  to  the  geological  map  of 
the  British  Highlands,  we  find  that  this  direction  exactly 
coincides  with  the  trend,  or  range,  of  these  greal  masses  oi 
crystalline  rocks  of  which  the  Highlands  of  Scotland  arc 
composed,  so  that  these  are  physically  referable  to  the  same 
period  of  time  ;  while  of  similar  kinds  of  rocks  are  the  Highlands 
of  Mayo  and  Golway,  including  that  beautiful  group  of  conical 
hills  formed  of  quartzite ; — the  Twelve  Bins  of  Coonemara.  And 
here  it  is  that  we  are  able  to  determine  the  geological  age  of  this 
range  of  mountains— that  is  to  say,  the  period  when  they  were  first 
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elevated  above  the  sea  and  transfonned  by  this  process  of  mebi- 
morphisni ;  because  on  both  sides  of  Killary  Elaiboui,  that  remaik- 
able  fiord,  the  best  example  that  oocura,  peifaaps,  in  Ireland 
of  the  Nonregiaii  fiord— on  both  sides  of  that  deep  aim  of  the 
sea  we  find  strata  which  are  not  niet3n)oq>ho£ed  resting  in  a  dis- 
cotdant  manner  on  these  metaroorphic  rocks  of  older  date.  Nov, 
what  is  the  age  of  these  noD-metamorphic  rocks  —  rods 
which  are  in  their  natural  condition,  which  are  fidl  of 
fossils,  and  therefore  have  not  shared  in  the  changes  whjdi 
the  old  rocks  have  been  subjected  to  ?  The  evidence  is 
quite  coDclusive  that  these  newer  rocks  are  a  portion  of  the 
Upper  Silurian,  ranging  from  the  Upper  Llandovery  beds  down 
to  ibe  Wen  lock  and  Ludlow.  From  a  table  of  strata  you 
will  be  able  to  judge  exaaly  the  position  of  these  two  groups  of 
rocks.  These  metamorphic  rocks  of  which  we  have  been  speak- 
ing, of  which  these  mountains  are  formed,  consisted  originally  of 
strata  belonging  to  the  I^wer  Silurian  system,  and  perhaps  to 
part  of  the  Cambrian,  ranging  through  these  series  of  beds  up 
to  the  top  of  the  "  Caradoc  or  Bala  beds,"  I  do  not  enter  into  t' 
evidence  of  that.  Vou  must  please  to  take  my  word  for  it  that  it  is 
quite  conclusive.  That  the  metamorphic  rocks  of  Connemara 
are  in  reality  Lower  Silurian  strata  is  the  view  expressed  by 
Murcbison,  Harkness,  and  others,  and  confirmed  by  the  investi- 
gations of  the  Government  Geoli^cal  Surveyors ;  on  the  other 
hand,  the  fossiliferous  strata  which,  on  both  sides  of  Killaiy 
Harbour,  rest  unconformably  on  the  metamorphic  rocks,  are 
known  by  their  fossils  (which  are  numerous)  to  be  of  Upper 
Silurian  age.  The  strata  which  rest  discordantly  upon 
them  range  through  the  Upper  Llandovery  up  through  the 
Wenlock  and  Ludlow  beds  of  the  Upper  Silurian,  and,  therefore, 
these  great  crumplings  and  foldings,  and  metamorphisms 
have  taken  place  at  a  period  represented  by  no  formation 
at  all ;  but  in  the  interval  between  the  Lower  and  the  Upper 
Silurian  periods.  Therefore,  we  refer  this  range  of  mountains  to 
the  close  of  the  Lower  Silurian  period.  We  refer  the  Donegal 
range  to  the  same  period,  and  we  refer  the  mountain  ranges  of 
the  Highlands  of  Scotland  to  the  same  period  also.     Now,  that 
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is  a  period  of  vast  antiquity,  and  I  hope,  if  you  ever  visit  these 
beautiful  ranges  of  mountains,  which  I  strongly  recommend  you 
to  do,  that  you  will  look  upon  them  all  with  feelings  of  veneration, 
considering  their  vast  antiquity.  On  the  whole  of  the  continent 
of  Europe  except  Norway  there  is  scarcely  a  range  of  mountains 
of  such  antiquity  as  these  North-Wesi  Highlands  of  Ireland  and 
Scotland.  The  Alps  were  then  slumbering  in  the  womb  of  futurity, 
and  it  was  not  till  long  after  that  they  began  to  raise  their  heads 
above  the  waters  of  the  ocean. 

Now  we  have  to  deal  with  the  age  of  another  beautiful  moun- 
tain range  extending  from  Dublin  Bay  southwards  through 
Wicklow  and  Wexford.  I  need  not  expatiate  on  the  charms  of 
flie  scenery  of  Wicklow :  it  is  known  wherever  the  English 
language  is  spoken.  You  will  see  by  the  map  that  this  also  is 
composed  to  a  great  extent  of  granite  rocks  (coloured  red)  and 
also  of  Silurian  rocks  of  similar  age  to  those  of  which  the  mountains 
of  Galway  and  Donegal  are  composed.  But  it  is  only  to  a  small 
extent  that  these  rocks  have  been  metamorphosed  ;  only,  indeed, 
in  close  proximity  to  the  outbursts  of  the  granite.  Now  we  have 
no  direct  evidence  of  the  age  of  the  Wicklow  Mountains 
iiirther  than  this,  that  it  is  older  than  the  Old  Red  Sandstone, 
because  we  find  the  Old  Red  Sandstone  to  the  north  of  the 
borders  of  the  counties  of  Waterford  and  Carlow  coming  in 
contact  and  resting  upon  these  granitic  rocks.  We  know,  there- 
lore,  that  the  Wicklow  Mountains  are  older  than  the  Old  Red 
Sandstone,  but  I  think  we  have  also  evidence  that  they  are  of 
Ibe  same  age  as  the  Highlands  of  Donegal  and  Mayo,  because 
you  will  perceive  that  the  range,  or  trend,  of  this  granite  is 
almost  exactly  parallel  to  that  of  the  rocks  of  the  Donegal 
Highlands ;  they  both  range  in  a  north-easterly  and  south- 
westerly direction,  and  geologists  know  that  parallelism  oVdlrec- 
,1ion  is  strong  evidence  of  synchronism  ;  that  when  we  find  two 
'Sanges  of  mountains  parallel  to  each  other  within  moderate 
limits,  the  probabilities  are  that  they  have  been  elevated  into 
nountain  ranges  at  the  same  period  of  geological  time,  'therefore 
that  ground  1  maintain  that  the  Wicklow  and  Dublin  D)oun- 
is  date  as  far  back  as  the  end; of  the  Lower  Silurian  [>eriod. 
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Now  we  have  to  deal  with  another  range  of  mountains,  that 
perhaps  which  is  most  generally  known — the  beautiful,  gra,nd, 
aublinie  mountains  of  KiUamey,  rising  to  an  elevation  of  3,414 
feet  in  Carrantuohiil,  one  of  tho  peaks  to  the  south  of  the  lakes  of 
Killamey ;  a  name  which  is  of  Celtic  origin,  and  which,  curiously 
enough,  speaks  of  the  remarkable  perception  and  remaikable 
powers  of  description  of  those  who  gave  it  the  name.  Carrantuohiil 
means  literally  an  inverted  reaping-hook  ;  and  when  this  mountain  is 
looked  at  in  certain  direction,  I  believe  from  the  southward,  the  side 
of  it  presents  exactly  that  appearance.  You  will  observe,  on  looking 
to  the  geological  map,  that  the  direction  of  these  ranges  of  hills, 
which  are  very  clearly  shown  by  these  headlands  running  out  into 
the  Atlantic,  is  very  different  from  that  of  the  Donegal  Highlands. 
Instead  ofbeing  N.  E.  and  S.  E.,  the  direction  is  verynearly  East 
and  West.  These  lower  bands  of  green  represent  the  Lower 
Carboniferous  rocks,  and  the  yellow  and  brown  show  clearly  the 
direction  of  these  ranges  of  hills.  Now,  these  rocks  are  also 
much  newer  in  age  than  those  of  which  we  have  been  speaking  ; 
they,  in  fact,  belong  to  the  Old  Red  Sandstone  and  Carboniferous 
periods,  so  thai  these  mountains  of  Kerry  and  Cork  are  very  much 
more  modern  than  the  mountains  of  Mayo  and  Donegal,  and  are 
composed  of  more  recent  strata.  This  range  of  mountains  con- 
sists  of  a  great  number  of  flexures.  The  whole  of  the  strata  have 
been  at  one  period  crumpled  up  (if  1  may  use  the  expression), 
laterally  cnished  by  the  contraction  of  that  part  of  the  earth's 
crust,  so  that  they  are  thrown  into  a  series  of  great  flexures,  some- 
times to  such  an  extent  that  they  have  been  doubled  over 
on  themselves.  These  mountains  being  composed  of  the  Old  Red 
Sandstone  and  Carboniferous  formations,  are  of  course  newer  than 
the  Carboniferous  period,  and  the  question  arises  to  what  geological 
period  are  they  to  be  referred  as  a  group  of  mountains  ?  Now,  in 
the  S.  W,  of  Ireland  we  have  no  direct  evidence  on  this  point, 
because  these  Carboniferous  and  Devonian  rocks  nowhere  come  in 
contact  with  any  strata  of  a  newer  age.  They  do  not  come 
into  contact  with  any  New  Red  Sandstone,  or  Lias,  or  any  of 
these  comparatively  modern  rocks ;  so  that  really,  as  far  as 
Ireland  itself  is  concerned,  we  have  no  guide  as  to  the  age  of  these 
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mountains.  But  when  we  come  across  the  Channel,  and  observe 
the  position,  and  character,  and  anangement,  of  the  formations  in 
the  S.  W.  of  England  and  in  South  Wales,  we  find  that  in  Devon- 
shire and  Somersetshire  the  strala  belonging  lo  the  same  geolo- 
gical age  are  thrown  into  precisely  similar  flexures  lo  those  in 
the  S.  W,  of  Ireland  ;  in  fact,  the  one  set  of  flexures  here  are 
merely  the  continuation  of  the  other,  and  they  belong  to  the 
great  system  which  has  extended  through  the  North  of  Europe, 
through  Belgium  and  France,  and  away  beyond  the  Rhine.  In 
the  S.  W,  of  England  and  South  Wales  we  have  very  direct 
evidence  as  to  the  age  of  these  flexures  ;  for  there  we  find  the 
Triassic  (or  New  Red  Sandsione)  strata  resting  un conformably  upon 
these  older  rocks,  which  have  been  thus  tilleil  and  upturned :  and 
therefore  we  feet  sure  that  these  flexures  were  produced  before 
the  period  of  the  New  Red  Sandstone.  But  we  can  go  a  step 
further,  and  from  analogy  and  reasoning,  which  I  cannot  enter 
into  now,  1  have  no  doubt  that  these  flexures  are  of  still  older 
date,  and  that  they  were  produced  before  the  Permian  period; 
tiiat  they  were  produced,  in  fact,  immediately  upon  the  close  of  the 
Carboniferous  period  itself.  So  much,  then,  for  the  age  of  the 
Kcond  group  of  mountains. 

Then  we  have  to  deal  with  the  North  Eastern  Highlands  of 
Mourne  and  Carl ingford— another  vety  grand  and  beautiful 
tange  of  mountains,  perhaps  less  known  than  any  of  the  others, 
lising  in  Slieve  Donard  to  on  elevation  of  about  2,796  feet, 
a  conical  mountain  rising  almost  directly  from  the  sea.  This 
group  of  mountains  is  composed  of  a  great  variety  of  rocks, 
Various  kinds  of  igneous  rocks,  and  surrounded  by  Lower  Silurian 
slate  rocks.  But  we  have  no  evidence  to  tell  us  what  is  their 
«ge,  further  than  that  they  are  newer  than  the  Carboniferous 
period,  because  they  have  been  intruded  among  the  Carboniferous 
rocks.  But  as  no  formation  newer  than  tlie  Carboniferous  occurs 
io  the  district,  we  have  no  evidence  regarding  their  absolute 
geological  age.  They  arc,  however,  remarkable  and  unique.  The 
diaracter  of  the  granite  of  that  district  shows  numerous  volcanic 
phenomena,  closely  resembhng  some  portions  of  the  Highlands  of 
Scotland,  namely,  the  mountains  of  Arran.    So  that  I  am  strongly 


428     ON  THE  PHYSICAL  GEOLOGY  OF  IRELAND. 

impressed  with  the  conviction  that,  whatever  may  be  the  age  of 
the  granite  of  Arran,  which  some  people  think  as  new  as  the 
Tertiary,  such  is  the  age  of  the  granite  of  Moume.  I  cannot 
concur  in  the  view  that  the  granite  of  either  Moume  or  Arran  is 
so  recent  as  the  Tertiary-  Epoch,  as  the  volcanic  rocks  of  this  date 
(viz.,  the  Trachyte  porphyries  of  Antrim  and  Do^vn)  are  very 
different  in  character  from  the  rocks  of  Moume  and  Carlingford. 
On  the  other  hand  it  is  quite  possible  these  latter  may  be  As 
old  as  the  Permian  period. 

Now,  I  come  to  the  second  part  of  ray  subject,  and  this 
involves  the  third  part ;  so  I  shall  treat  them  both  together — 
namely,  the  formation  of  the  central  plain  of  Ireland,  and  the  cause 
of  the  small  amount  of  coal  that  is  to  be  found  over  that  part 
of  the  country  as  compared  with  England.  I  have  already  said 
that  the  centre  of  Ireland  is,  in  fact,  a  great  plain,  bounded  in 
various  directions  by  mountains,  and  towards  the  south  con- 
taining several  grand  isolated  eminences,  such  as  that  of 
Galtymore,  which  rises  to  the  height  of  3015  feet  above  the 
sea,  and  is  a  very  grand  object  when  seen  from  the  nonh- 
ward.  How  was  this  great  plain  formed  ?  It  seldom  rises  more 
than  300  feet  above  the  level  of  the  sea,  perhaps  250  feet  is 
about  the  average ;  and  it  is  covered  by  lakes,  and  by  bogs  which 
were  once  lakes,  and  to  a  large  extent  by  gravels  of  very  recent 
origin.  The  foundation  rock  of  the  central  plain  of  Ireland, 
as  you  see  by  referring  to  the  maps,  is  Carboniferous  Limestone  ; 
and  whenever  we  find  Carboniferous  Limestone,  we  infer,  as 
geologists,  that  the  coal-formatinn  once  existed.  It  is  the  founda- 
tion, in  fact, of  Ihecoal-formationjand  just  as  a  traveller  in  exploring 
some  country  like  Egypt  or  Assyria,  when  he  comes  upon  a 
mined  foundation  of  some  building,  feels  sure  that  the  superstruc- 
ture once  existed,  so  when  we  find  Carboniferous  Limestone  we 
know,  of  a  certainty,  that  the  coal -formation  once  existed  also. 
If  you  look  over  the  geological  map,  you  will  see  that  an 
enormous  extent  of  country  must  have  been  covered  by  the  great 
coal-fonnation.  It  was  the  whole  of  that  coloured  blue,  the 
whole  of  this  brown  colour  (which  are  more  recent  beds),  and 
the  wholeof  that  coloured  yellow  (Old  Red  Sandstone) — the  whole 
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of  that  region  was  covered  at  one  time,  at  the  close  of  the 
Carboniferous  period,!)/  a  continuous  coal-fonnation.  Of  this, 
however,  we  have  only  a  few  relics  here  and  there ;  and  the  question 
arises; — ^Why  is  it  that  coal  is  so  largely  contained  in  the  strata  of 
Great  Britain,  and  to  so  so  small  an  extent  over  this  CarboDiferous 
area  in  the  centre  of  Ireland  ?  When  you  look  at  the  geological 
map  of  England,  you  will  find  the  coal-fields  coloured  very  dark, 
and  they  pass  underneath  other  strata  coloured  red,  of  various 
shades,  and  towards  the  south,  brown,  yellow,  and  green.  In  fact 
the  coal- formation  of  England  is  to  a  very  large  estent  concealed, 
and  protected  beyond  its  margin  by  newer  formations,  as  the 
Permian,  the  NewRed  Sandstone,  or  Trias,  Oolite,  Chalk,  and  the 
Tcrtiaries.  Wc  do  not  know  to  what  extent  the  coal-fields  extend 
underthesenewerformations.but  wekoow  that  they  doso  to  a  large 
extent.  Now,  at  the  close  of  the  Carboniferons  period  in  Britain 
very  nearly  the  whole  of  the  coal-fields  were  thus  concealed,  and 
covered  up  by  these  newer  strata.  The  country  began  to  subside 
vertically  under  ihe  waters,  first  of  the  great  lakes,  until  the  New 
Red  Sandstone  was  deijosited,  and  part  of  the  Permian  beds  ;  and 
then  under  the  waters  of  the  sea,  while  the  Lias  and  Oolite  rocks 
were  deposited ;  and  then  still  farther  under  the  waters  of  the  sea, 
until  the  Cretaceous  rocks  were  deposited;  so  that  they  were 
ultimately  covered  over  by  hundreds  or  thousands  of  feet  of  these 
newer  formations.  Thus  you  sec  what  a  great  protection  these 
newer  formations  have  been  to  the  underlying  coal ; 
process  of  time  the  whole  of  these  rocks  have  been  lifted  into  diy  1 
land,  great  masses  have  been  swept  away,  and  the  underlying  coal- 
fields have  been  revealed,  and  brought  within  our  reach. 

But  in  Ireland  it  seems  to  have  been  otherwise.  Except  in  the 
N.  E.,  in  the  counties  of  Antrim  and  Down,  wc  have  scarcely  any 
representation  of  these  newer  forms.  The  whole  of  the  centre, 
the  South  and  West  of  Ireland,  is  completely  devoid  of  any  strata 
newer  than  the  Carboniferous ;  and  therefore  it  is  clear  that  a  very 
difl'crent  set  of  conditions  prevailed  over  the  area  of  Ireland 
than  over  the  area  of  Great  Britain  and  the  Continent  It  may 
be  asked  why  these  formation*  are  absctit  from  the  Irish  area? 
It  might  be  supposed  that  they  had  once  been  deposited  over  the 


43P    ON  THE  PHYSICAL  GEOLOGY  OF  IRELAND. 

Iiish  srca,  but  had  subseqneody  been  swept  swaj  b;  dcciida^ 
doa.  But  I  cannot  accept  that  vie«.  1  feel  satisfied  that  if 
these  netrcr  foTFoatioQS  lud  once  been  there  some  restiges  of 
tfaem  would  have  beeo  left  in  the  protected  places  anwag  the 
older  rocks.  But  we  hare  no  trace  of  them  whatsoever.  A  small 
patch  of  Triassic  beds  occurs  at  Carrid^macross  in  Co. 
and  may  be  coosidered  as  the  southernmost  limit  to  which! 
strata  once  extended.  My  theory  to  account  for  their 
that  while  the  British  area  was  being  submeiged  beneath  thei 
of  the  sea,  and  was  receiving  great  manne  deposits,  the  Irisli 
area  remained  id  a  state  of  diy  land,  not  subme^ed  nearly 
throughout  the  whole  of  this  period;  or  if  at  some  time 
slightly  submerged,  it  never  was  to  any  great  extent,  and,  tiiete- 
fore,  it  did  not  receive  these  newer  deposits  ov»  its  Car- 
boniferous rocks. 

The  consequence  of  this  was  that  while  the  British  coal-fi^ds 
were  being  protected  by  ihese  great  deposits  of  newer  formations 
to  the  thickness  of  hundreds  or  thousands  of  feet,  the  coal.fields  of 
Ireland  were  exposed  to  the  agents  of  denudation,  to  the  action  of 
the  sea,  of  rains  and  rivers  ;  and  their  operation,  gradually,  little  by 
little,  extending  through  the  lapse  of  the  Mesozoic  period,  was 
sufficient  to  carry  away  nearly  the  whole  of  the  coal -formation  of 
thai  part  of  the  United  Kingdom.  Thus  it  is  that  the  cbaractn 
and  habits  of  the  Irish  people  were  determined  ages  before  the 
landing  of  Slrongbow,  or  any  other  great  event  in  the  history  of 
Ireland.  The  destruction  of  her  coal-fields  has  caused  agriculture 
to  be  the  unavoidable  occupation  of  her  people ;  and  thus  it 
comes  to  pass  that  while  we  have  in  Britain  an  industrious  and 
very  go-a-bead  race  of  manufacturers  and  operatives,  we  have 
very  few  of  this  character  in  Ireland,  except  in  the  north  and 
eastern  portions,  which  form  an  honourable  exception.  The 
coal-fields  then,  I  believe,  were  denuded  away ;  and  we  have  only 
remaining  these  little  scraps,  I  may  call  them,  in  Tippetaiy, 
Kilkenny,  and  in  the  North  of  Ireland.  'Ihese  only  remain  as 
slight  memorials  of  the  great  formation  which  once  covered  the 
whole  of  the  country.  Therefore,  I  think  I  have  given  a  very 
sufficient  answer  to  the  quRslions,  Is  there  any  coal  in  Ireland  ? 
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or.  Is  tliere  much   coal  in    Ireland?  and  I   hope  a  satisfactory 
reason  why  there  is  so  little. 

Now  I  come  to  the  fourth  and  last  subject  of  analogy  and 
contrast ;  ami  this  is  the  subject  of  the  contrast  between  the 
physical  features  of  Ireland  and  those  of  Great  Britain.  No  one 
who  has  travelled  over  the  great  central  plain  of  Ireland, 
particularly  the  northern  parts  of  West  Meath  and  Cavan,  and 
ihe  Supper  reaches  of  Loch  Erne  and  the  N.W.  districts,  can 
fail  to  have  been  struck  with  the  immense  number  of  lakes  of 
all  sizes,  some  of  them  pretty,  1  will  not  say  beautiful,  and  some 
of  them  beautiful.  When  you  get  to  the  N.  W.,  the  district  of 
Sligo,  you  find  some  beautiful  lakes  indeed,  surrounded  by  bold 
escarpments  and  beautiful  wooded  banks.  In  nearly  every  district 
where  these  lakes  are  situated  it  will  be  observed,  on  looking 
at  the  geological  map,  there  is  the  same  blue  fomution  of  Car- 
boniferous limestone.  In  addition,  if  you  examine  the  coast 
throughout  the  Western  and  Southern  and  Eastern  districts, 
you  will  find  thai  wherever  the  blue  formation  goes  down 
to  the  sea,  there  we  have  a  deep  indentation  of  the  sea  itself, 
forming  deep  bays.  We  have  Sligo  Bay  eaien  in  amongst 
the  blue  rocks.  Then  we  have  Killala  Bay ;  Clew  Bay,  which 
has  eaten  bo  far  into  the  coast  that  very  little  blue  rock 
remains ;  and  then  you  have  the  great  Bay  of  Ijalway ;  then 
come  the  beautiful  harbours  of  Cork  and  Waterford,  Dublio 
Bay,  and  Diindalk  Bay ;  and  all  these  bays  are  more  or  leu 
eaten  in,  as  it  were,  by  the  sea,  wherever  the  Carboniferous  lime- 
stone forms  the  surface.  Now  this  number  of  bays,  and  the 
number  of  lakes  in  the  interior,  are  closely  connected  with  each 
Other,  because  the  one  is  due  exactly  to  the  same  cause  as 
the  other.  And  what  is  the  cause  of  these  numerous  lakes? 
In  England  you  have  no  such  lakes  at  all.  You  have  the 
Carboniferous  limestone  present  very  largely  in  some  parts  of  the 
country— for  instance,  among  the  Derbyshire  Hills  ;  and  you  have 
Other  limestone  formations.  In  the  central  counties  they  arc  very 
largely  developed,  but  you  have  no  lakes  amongst  them,  as  is 
the  case  in  Ireland.  The  cause  is  twofold.  In  the  first 
place,   it   is    the  solvent  power  of  water    when   charged  with 
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carbonic  acid,  and  spread  over  limestone.  Whenever  water  contains 
a  sensible  quantity  of  carbonic  acid  it  immediately  acts  upon  lime- 
stone, and  like  an  acid  begins  to  dissolve  and  eat  through 
the  rock,  however  hard  and  solid  it  may  be.  And  in  the  second 
place,  it  is  the  comparatively  low  elevation  of  the  central 
plain  of  Ireland  above  the  sea.  This  naturally  involves  very 
sluggish  streams.  The  rivers  which  take  their  rise  in  the  interior, 
aod  meander  through  these  plains — such  as  the  great  river 
Shannon  itself— have  a  very  slight  fall,  and  are  therefore 
exceedingly  sluggish.  But  they  are  all  more  or  less  charged  with 
carbonic  acid  taken  up  from  the  decaj-ing  vegetable  matter  ;  and 
as  they  wander  among  these  limestone  rocks  they  continually  act 
upon  them,  gradually  dissolving  them  away ;  and  by  their 
sluggishness,  almost  stagnant  in  places,  they  have  the  power 
of  spreading  out  laterally,  and  ultimately  form  chains  of  lakes. 
In  connection  with  these  there  are  also  numerous  undet^ound 
rivers  in  Ireland.  We  know  there  are  such  in  Derb)-shire,  in 
similar  places,  among  the  mountain  limestone  hills  of  Derbj-shire ; 
and  they  are  also  found  in  other  parts  of  the  world^in  Sma,  and 
in  the  great  Cave  of  Kentucky.  One  of  the  most  remarkable  oi 
these  underground  river-courses  that  1  know  of — in  fact,  the 
largest  underground  river,  I  suppose,  in  Britain — is  that  which 
conveys  the  waters  of  Loch  Mask  into  Loch  Corrib.  The  whole 
of  the  waters  of  the  northern  lake,  which  is  at  the  west  side  oi 
the  great  limestone  plain,  pass  underground  through  a  concealed 
chaunel  in  the  limestone  rock  into  the  head  of  lake  Corrib, 
and  ultimately  into  Galway  Bay.  When  some  of  these  rivers 
have  been  going  on  for  some  time  tunnelling  through  the  limestone, 
the  roof  frequently  gives  way,  and  the  commencement  of  a  lake 
is  made ;  and  then  the  waters,  still  eating  a«'ay  the  rock  laterally, 
ultimately  produce  a  lake.  Therefore  jou  see  it  is  owing  to  the 
solvent  power  of  the  water,  and  then  to  the  low  level  at  whidi 
the  rivers  run,  which  prevents  them  having  a  rapid  fall,  that 
we  have  these  numerous  lakes.  We  may  call  them  "  lakes  ol 
solution  ;"  and  at  a  former  period,  just  at  the  close  of  the 
Post-pleiocene,  or  Glacial  period,  they  must  have  been  vastly 
more  numerous  than  they  are  at  present ;  because  almost  aU 
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those  great  bogs,  such  as  the  "  bog  of  Alien,"  of  which  you  have 
heard,  which  really  means  no  particular  bog  at  all,  but  a  great  chain 
of  bogs  in  the  interior,  have  at  one  time  been  lakes ;  and  for  the  most 
part  they  are  underlaid  by  beds  of  calcareous  marl,  which  are  neither 
more  nor  less  than  decomposed  masses  of  fresh- water  shells,  so 
that  before  the  bogs  were  formed  the  lakes  of  Central  Ireland  must 
have  been  exceedingly  numerous.  I  should  also  add,  that  the 
beautiful  lakes  of  Kiltamey  have  had  their  origin  in  causes  similar 
to  those  above  described. 

As  a  point  of  contrast  we  may  say  thai  we  have  no  such  lakes 
in  England;  because  for  the  most  part  these  limestone  rocks  are  ail 
elevated  into  the  high  districts,  and  consequently  the  water  having 
a  rapid  downfall  has  not  the  power  of  spreading  out  and  forming 
lakes,  as  in  Ireland.  Some  one  will  probably  reply  ; — But  what 
are  the  Cheshire  meres  ?  The  Cheshire  meres  are  the  only  partial 
represenlatives  of  the  lakes  of  the  centre  of  Ireland  ;  but  they 
are  due  to  an  entirely  different  cause.  In  the  first  place,  the 
meres  of  Cheshire  do  not  overlie  the  Carboniferous  limestone  at 
all,  but  they  overlie  the  Keuper  marts,  which  contain  beds  of 
rotk  salt.  Mr.  Ormerod  has  suggested  what  is  generally  accepted 
by  geologists  as  the  true  solution  of  the  question — that  the  rock 
salt  has  locally  been  dissolved  away,  and  the  ground  surface  has 
sunk,  and  then  the  surface  waters  were  poure<l  in  and  formed  tliesc 
liiile  meres.  But  you  will  see  that  although  ihey  also  are  lakes 
of  solution,  they  are  entirely  different  to  those  1  ba\*c  been 
describing. 

Now,  lastly,  as  a  point  of  analogy,  and  not  to  leave  the  subject 

entirely  untouched,  we  have  some  great  lakes  in  the  mountainous 

districts  of  Ireland,  as  welt  .is   in  the  mountainous  districts  of 

Britain  ;  and  these  are  strongly  analogous  to  each  other.    They 

I    are  referable,  I  hold,  to  a  great  extent,  to  glacial  erosion.     That 

'   is  the  view  of  my  distinguished  chief,  Professor  Ramsay,  as  to 

I   the  origin  of  these  lakes.     I  have  now  taken  up  as  much  of  your 

time  as  I  am  entitled  to  do  \  and  I  can  onlv  thank  vou  for  your 

.  kind  attention. 

The  Chairman  :  I  am  sure  you  will  all  join  in  a  most 
1  cordial  vote  of  thanks  to  Professor  Hull  for  his  extremely 
I  imetesting  lecture.  3   f  i 
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Major  Festing  in  the  Chair. 

The  Cuatrman:  Ladies  and  Gentlemen,— I  have  to  introduce 
to  you  Professor  Barrett,  of  the  Royal  College  of  Science  for 
Ireland,  who  is  going  to  give  us  a  lecture  with  illustrations  showing 
the  analogy  between  light  and  sound.  I  think  I  need  not  do 
anything  more  than  introduce  him  lu  you. 

Professor  Barrett  :  Ladies  and  Gentlemen, — It  will  be  my 
endeavour  in  the  present  lecture,  that  I  have  had  the  honour 
of  being  asked  to  deliver  here,  to  bring  before  you  a  series  of 
experiments  showing  the  relationship  that  exists  between  sound 
and  light.  At  the  outset  permit  me  to  remind  you  there  is  no  direct 
bond  of  union  between  sound  and  ligiit ;  they  cannot  be  converted 
into  each  other,  as  many  of  the  other  physical  forces  can,  but  there  is 
a  similarity  in  their  manifestation,  a  parallelism  in  their  phenomena, 
which  is  exceedingly  helpful  in  the  study  of  the  laws  common  to 
both.  The  analogy  of  sound  and  light  has,  it  is  true,  long  been 
noticed,  for  even  in  language  we  find  an  interesting  recognitioa 
of  this  analogy.  The  same  words  are  frequently  applied  to  sound 
and  light.    We  often  speak  of  a  loud  colour  as  well  as  a  loud  note. 
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and  everj-  one,  I  presume,  is  familiar  with  Locke's  blind  man  who 
called  ihe  sound  of  a  trumpet,  scarlet ;  and  a  friend,  whom  1  see 
before  me,  has  known  of  a  case  in  which  a  person  suffering  from 
illness  and  blindness  always  spoke  of  a  sequence  of  notes  as  if 
they  were  a  sequence  of  colours.  The  words  Dim  and  Dumb  arc, 
I  believe,  cognate  terms  in  Anglo-Saxon.  To  speak  and  to 
shine,  though  often  very  different  things  in  the  leaure  theatre, 
are  yet  denoted  by  the  same  words  in  Greek  and  in  Sanskrit.  (See 
Appendix  A.)  We  might  trace  this  correspomience  much  further, 
but  our  business  is  with  the  scientific  aspect  of  the  question.  Upon 
that  let  us  enter.  In  order  to  make  this  relationship  clear,  we 
must  travel  over  ground  that  will  no  doubt  be  familiar  to  some  in 
this  audience,  and  hence  I  must  ask  such  to  bear  with  me  occa- 
sionally for  the  sake  of  others. 

Almost  every  one  is  aware  that  sound  is  due  to  vibration ;  light 
also  springs  from  Ihe  same  cause.  Only  in  the  case  of  sound  it 
is  a  vibration  of  sensible  masses  of  matter,  in  the  case  of  light 
of  quite  insensible  molecules.  This,  indeed,  is  true  throughout 
the  analogy;  sound  is  a  gross  representation  of  its  sister  light. 
Here  I  have  a  tuning  fork,  upon  drawing  a  bow  over  the  prongs 
of  which  you  will  hear  a  soimd.  The  fact  that  the  fork  is 
vibrating  can  be  easily  demonstrated  by  bringing  it  against  a 
little  light  suspended  ball,  The  moment  it  touches  the  ball,  the 
latter  will  be  tossed  to  and  fro,  and  as  the  sound  of  the 
fork  dies  away  the  ball  will  gradually  come  to  rest.  Vibrations 
of  molecules  giving  rise  to  light  cannot  be  made  evident  tn  the 
eye,  the  smallness  of  these  molecules  and  the  rate  of  their  motion 
transcend  the  grasp  even  of  our  highest  inslmmenial  powers,  and 
can  only  be  deduced  by  reasoning  which  is  rendered  easier  by 
tiiis  very  analogy  we  are  considering. 

Let  us  now  enquire  in  what  way  these  vibrations  reach  the  eye 
«nd  ear  respectively.  Imagine  a  stick  plunged  in  a  lake  of  still 
water  and  moved  to  and  fro  ;  a  series  of  waves  will  l>e  produced 
ttavelhng  outward  and  onward  from  the  centre  of  disturbance. 
These  ripples  moving  onwards  will  finally  strike  the  weeds  which 
may  grow  on  the  bank,  and  bend  ihcm  to  and  fro  in  perfect 
synchronism   «iih   the   motion  of  ihe  slick  in  the  centre  of  the 
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lake.    Just  in  the  same  way  does  the  sound  of  my  voice  cxciM 

aerial  pulses  through  the  air,  and  bends  the  drum  of  your 
to  and  fro  in  perfect  accord  with  tlie  vibrations  which  are 
taking  place  within  my  larynx.  We  can  obtain  an  idea  of  this 
transmission  of  motion,  without  the  translation  of  matter,  by 
means  of  a  simple  experiment.  Imagine  this  long  elastic 
tube  to  be  the  only  medium  between  myself  and  my .  assistant, 
Mr.  Porte,  who  holds  the  other  end  of  the  tube.  I  wish  to 
communicate  with  him,  and,  to  arouse  his  attention,  give 
sudden  jerk  to  the  tube.  You  observe  the  jerk  travels  along 
the  tube,  and  before  I  can  speak,  it  has  reached  Mr.  Porte's 
hand  and  jerked  it  aside.  So  that  something  has  gone  from 
me  to  Mr.  Porte  and  conveyed  my  idea,  and  yet  that  some- 
thing is  not  matter,  for  the  tube  is  still  in  my  hand.  It  is  a 
wave-motion  which  has  been  transmitted,  and  a  series  of  jerks 
give  rise,  as  you  see,  to  a  series  of  progressive  waves. 

In  like  manner,  a  bell  when  struck  delivers  its  vibration  to  the 
air  around,  aerial  pulses  are  thus  formed  which  striking  our  ears  give 
rise  to  the  sensation  of  sound.  When  a  body  is  made  incandescent, 
the  molecular  vibrations  do  not  throw  the  air  into  motion.  A  finer 
and  more  elastic  medium  is  necessary.  There  is  abundant  reason 
to  believe  that  such  a  medium  called  the  iuminiferous  ether  exists, 
the  waves  transmitted  through  which  give  rise  to  sensations  of  heat 
and  light.  The  rate  of  propagation  of  these  sound-bearing  and 
light-bearing  waves  varies  very  much,  just  as  we  might  expect 
from  the  difference  in  the  genesis  of  sound  and  light,  the 
former  having  a  molar,  the  latter  a  molecular  origin.  In  the  table 
hung  up  here,  you  will  see  the  rate  of  passage  of  sound  and  light 
compared.  Light  passing  through  a  vacuum  travels  at  the  rate  of 
iS6,ooo  miles  in  a  second,  whereas  sound  travelling  through  iron 
only  moves  at  the  rate  of  3  miles  in  a  second,  and  travelling 
through  air  only  moves  at  the  rate  of  -r^th  or  Jlh  of  a  mile  in  one, 
second,  We  have  therefore  an  enormously  greater  velocity  in  the 
case  of  light  than  in  the  case  of  sound.  In  fact,  the 
velocity  of  sound  through  air  is  even  exceeded  by  the 
velocity  of  a  cannon  ball,  so  that  the  ball  will  reach  its 
target    before    the    sound    of    the    explosion     of    the    carinon 
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is  heard.  You  may  take  it  in  round  numbers  ihat  sound  travels 
tioo  feet  in  a  second,  whilst  hghl  travels  iS6,ooo  miles  in  a 
second.  If  a,  cannon  were  fired  at  this  moment  in  fiirmingbam, 
which  is  113  miles  away,  the  sound  of  the  report,  supposing 
it  were  audible  at  this  distance,  would  not  be  heard  here  till  after 
the  lapse  of  8  minutes  ;  whilst  the  li^^ht  of  the  flash  would  by  that 
time  have  reached  the  sun.  Approximately  we  may  say  that 
sound  travels  through  100  miles  of  air,  in  the  time  that  light  travels 
through  gt  million  miles  of  ether. 

This  will  give  you  some  conception  of  the  enormous  difference 
in  the  rate  of  propagation  of  these  two  modes  of  motion.  So 
too  we  lind  the  relative  size,  as  well  as  speed,  of  sound-bearing 
and  light-bearing  waves  is  vastly  disproportionate.  The  average 
length  of  a  sound  wave,  say  the  middle  C  of  a  pianoforte,  is  about 
fifty  inches,  whereas  the  average  length  of  a  wave  of  light,  say 
a  wave  of  green  light,  is  only  the  fifty- thousandth  part  of  an 
inch.  Notwithstanding  this  vast  difference  many  laws  are 
common  to  both.  That  is  to  say,  from  the  behaviour  of  one 
agent  under  certain  conditions,  we  may  in  general  predict  the 
behaviour  of  the  other  under  like  conditions.  And  this  is  just 
what  we  should  expect  if,  as  there  is  every  reason  lo  believe, 
light  and  sound  are  both  the  products  of  wave-motion, — the  rale 
of  progress  of  the  waves  of  each  being  dependent  on  the  density 
«nd  elasticity  of  the  medium  they  traverse.  For  the  element  of 
size  does  not  enter  into  the  region  of  law.  Before,  however, 
1  render  evident  to  you  the  similarity  of  tbesc  laws,  it  \i 
necessary  lo  have  some  means  of  revealing  these  sound-bearing 
waves,  and  the  way  in  which  they  are  affected. 

This  can  be  done  by  means  of  a  delicate  phonoscope — the  so- 
called  itfisith't  fliimt.  1  have  here  a  tail  burner  through 
which  ordinary  coal  gas  can  be  passed  from  a  holder,  placed 
there  for  the  purjiose  of  increasing  the  pressure  upon  the  gas. 
If  now  I  light  this  till  tapering  jet  of  gas,  and  pbce  weights  upon 
the  holder,  so  ihat  ihc  gas  shall  be  urged  with  greater  and  greater 
velocity  through  the  burner,  I  shall  presently  arrive  at  a  j-oint 
At  which  the  gas  will  be  extremely  seni>itive  to  sound.     There 

s :  and  you  observe  the  iact  that  not  only  does   the   flame 
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■hrink  unifej  tbe  influence  of  the  sound,  but  that  the  sl^htest 
sound  breaks  down  the  flame,  even  if  I  go  to  a  great  distance 
from  it.  The  clink  of  two  coins  makes  it  fall  from  a  height  of 
22  inches  to  less  than  eight.  The  motion  of  the  flame  is  not 
due  to  the  impact  of  puffs  of  air  upon  the  surface  of  the 
flame,  but  is  due  entirely  to  sonorous  vibrations;  in  a  previous 
lecture  delivered  to  the  sdence  teachers,  I  have  entered 
into  the  cause  of  this  curious  phenomenon.  Vou  will 
observe  that  as  I  speak  certain  sibilants  are  picked  out  by  the 
flame,  which  responds  to  them,  whereas  it  is  not  affected  by 
vowel  sounds,  but  s,  x,  s,  a  "  whisper "  and  "  hush  "  are  all  rery 
powerful  in  their  action.  Now  this  flame  is,  in  fact,  an  example 
of  what  may  be  called  sympathetic  vibration.  If  I  strike  this 
particular  tuning  fork  and  hold  it  over  this  particular  jar  of  air, 
you  will  observe  there  is  a  loud  reinforcement  of  the  sound  of 
the  fork  j  that  is  due  to  the  fact  that  the  column  of  air  within 
the  jar  is  exactly  tuned  to  the  vibrations  of  the  fork,  hence 
there  are  sympathetic  vibrations  set  up  in  the  air  of  the  jar  which 
augment  the  sound  of  the  fork.  Now  in  the  flame  we  have  a 
sympathetic  vibration  of  a  column  of  gas  analogous  to  the 
sympaihetic  vibration  of  the  column  of  air  in  the  jar,  only 
in  tbe  case  of  the  flame  the  sympathetic  vibration  is  accom- 
panied by  a  manifest  change  in  the  aspect  of  the  dame, 
whereas  there  is  no  change  evident  to  the  eye  in  the  aspect 
of  ihe  air  ivithin  the  jar.  You  see  illustrations  of  this  con- 
stantly. For  instance,  if  a  stone  be  poised  on  the  edge  of  a 
precipice,  and  a  series  of  puffs  of  air  gently  rock  the  stone 
to  and  fro,  should  the  period  of  the  motion  of  the  stone  coincide 
with  the  period  of  the  successive  puffs  of  air,  the  stone 
will  ultimately  be  moved  so  violently  that  it  will  fall  over  the 
edge  of  the  precipice.  Thus  %  profound  change  is  set  up 
by  the  very  slight  sympathetic  motion  produced  in  the  stone 
by  gentle  breaths  of  air ;  for  the  stone  in  its  fall  may  produce 
disastrous  results,  in  fact  may  change  the  aspect  of  nature  for  a 
considerable  distance.  Now  juit  in  a  similar  way  this  flame,  when 
acted  upon  by  certain  vibrations  to  which  it  responds,  under- 
goes a  profound  and  entire  change  in  its  structure.     It  is,  ai 
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it  were,  a  stone  poised  at  the  edge  of  a  precipice,  or  like  an 
inverted  cone,  a  body  in  unstable  equilibrium,  easily  upset  by  a 
feeble  force. 

I  wish  now  to  show  you,  by  means  of  our  flame,  that  just  as 
light  gradually  decays  as  it  leaves  its  origin,  so  sound  also 
decays.  If  we  go  twice  as  far  away  from  a  small  source  of* 
light,  such  as  a  candle,  we  shall  find  that  the  intensity  of  the  | 
light  is  only  one-fourth  as  great  as  it  was  at  the  original  dis- 
tance. In  the  same  manner  sound  gradually  decays  with 
distance.  We  find  that  on  doubling  our  distance  ihe  intensity 
of  the  sound  from  a  small  source  is  only  one-fourth  as  great, 
and  on  trebling  the  distance  only  one-ninth  as  great  as  it 
first  was.  You  will  be  able  to  perceive  the  decay  of  sound 
by  gradually  moving  a  watch  away  from  the  flame.  You 
observe  now  that  this  flame,  though  not  as  sensitive  as  it  can 
be  made,  for  in  a  room  of  this  kind,  subject  to  a  great  many 
draughts,  we  cannot  obtain  it  as  sensitive  as  in  a  laboratoiy 
property  prepared  for  the  purpose,  nevertheless  even  here  we  see 
the  flume  beats  lime  to  the  watch,  but  on  taking  the  watch  further 
away  the  flanie  teases  to  respond  to  it,  I  will  now  intro- 
duce a  tube  between  the  two,  and  we  find  by  the  renewed 
response  of  the  flame  that  the  tube  has  prevented  this  decay  of 
sound.  This  in  fact  is  the  behaviour  of  speaking  lubes  and  a 
■imilar  taw  holds  ^ood  for  light ;  we  may  prevent  the  decay  of 
light  by  forcing  it  to  pass  in  a  parallel  beam  through  the  air 
or  by  sending  it  through  a  glass  rod,  which  is  the  analogue  of  a 
speaking  tube,  incessant  internal  reflection  preventing  the  lateral 
divergence  of  the  beam  of  light. 

We  must  now  pass  on  to  consider  the  progress  of  sound  and 
light  waves  through  space.  Obstructions  are  met  with,  and  the 
waves  may  be  either  quenched  or  bent  aside  or  thrown  back.  Now 
these  separate  motions  go  by  the  name  of  absorption,  refraction, 
and  reflection.  Let  us  take  the  last  named  6rsl.  ^Vhcn  a  ray 
of  light  strikes  a  polished  surface  it  is  reflected  in  buch  a 
manner  as  to  make  the  angle  of  reflection  equal  to  the 
angle  of  incidence,  and  in  the  same  plane  with  it.  This  is 
1  on  this  diagram  (fig.  i). 
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If  R  R  be  a  reflecting  surface,  and  C  O  perpendicular  to 
it,  then  a  ray  of  light  striking  the  reflecting  surface  in 
the    direction    of   BO    will    make    the    angle    BOC    with  a 

C 


perpendicular  falling  on  the  polished  surface  equal  to  the  angle 
COB';  that  is,  the  angle  of  reflection  will  be  equal  to  the  angle 
of  incidence ;  and  if  it  falls  at  any  other  angle,  it  will  make  the 
angle  of  reflection  precisely  similar  to  the  incident  angle.  If  it 
falls  perpendicularly  on  the  mirror,  it  Avill  be  reflected  back  in  the 
same  direction.  An  experiment  is  arranged  here  by  which  you  will  be 
able  to  see  the  equality  of  these  angles  of  incidence  and  reflec- 
tion. Here  is  an  oxyhydrogen  lamp,  and  in  the  front  of  it  a 
mirror,  and  on  the  mirror  is  now  falling  a  beam  of  light.  You 
will  see  as  the  direction  of  the  beam  falling  upon  the  mirror  is 
altered,  so  also  is  the  angle  at  which  it  is  reflected ;  and  the 
scale  attached  shows  that  the  angles  made  by  the  incident  and 
reflected  ray  with  the  normal  always  correspond.  Exactly  the 
same  law  holds  good  with  regard  to  sound.  I  have  here  two  tubes 
A  and  B  (fig.  2)  which  are  for  the  purpose  of  preventing  the  decay  of 
sound  in  the  manner  I  explained  just  now.  The  tubes  are  now 
placed  at  right  angles  to  one  another.  In  front  of  the  tube  A  is  a 
source  of  sound,  S,  muffled  except  so  far  as  the  open  end  of  the 
tube  is  concerned ;  *  in  front  of  the  other  tube,  B,  is  a  sensitive 

*  Tl^.e  1)0X  is  broken  away  in  the  engraving  to  show  the  interior. 
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flame,  F,  and  at  present  you  perceive  no  action  upon  the  Hame, 
though  the  sound  (an  electric  bellj  is  going  on.  As  soon  how- 
ever, as  a  reflecting  surface,  R,  is  placed  at  the  base  of  the 
tubes,  then  we  find  that  the  sound  wliich  travels  down  the  first 
tube,  A.  is  reflected  from  the  mirror  passes  back  through  the 
second  lube,  B,  and  now  powerfully  agitates  the  flame.  If  instead 
of  using  a  polished  surface,  such  as  this  mirror,  1  simply  use  my 
hand,  I  dare  say  we  shall  obtain  sufiicient  reflection  for  the 
flame  10  make    evident.     Further  you   observe  that  a  "  baia- 


wing  "  gas  flame,  or  even  a  sheet  of  unignited  g.is.  forms  a  sound 
reflecting  surface,  and  able  therefore  to  replace  the  solid  reflector  , 
R.     Bui  whatever  the  reflector  may  be,  it  is  only  in  one  pos!'-] 
tion    that    it  produces  the  maximum    eflTect    on  the  flame,    and  >1 
that  position  when  found   is   such,  that  the  axis  of  each  tube 
makes   corresponding  angles  with   the  surface  of  the   reflector. 
Precisely  the  position,  in  fact,  in  which  the  light  from  a  candle  aX 
the  end  of  one  lube  would  be  refected  along  the  other. 


44J  UGBT  Asn  sorxi>. 
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•onrce  of  l^t  or  Siicmd  is  placed.  Dimgait  nys  e 
the  feois  an'l  faHir.z  on  the  nnrror.  are  reflected  as  a  sheaf  of 
parallel  rars,  which  striidcg  the  second  miiror,  aie  th«re  con- 
vtiged  to  a  c;i:Tesi>onding  focus  ia  &oat  of  it.  As  coDcenu 
light  (his  U.a  is  probablr  familiar  to  toq  alL  It  is  asHj 
illustrated  by  ch:;  large  pair  of  oHicave,  or  rather  parabolic 
mirrors  on  the  ta.-le  before  you.  The  mirrors  are  some  thirty 
feet  apart,  aod  yrt  you  see  a  lighted  candle  placed  in  the  foctis 
of  one  gives  us  a  very  bright  spot  of  light— in  fact,  an  image 
of  the  fjindle— on  the  little  transparent  screen  held  in  the  foctis 
of  the  other.  At  any  other  intermediate  spot  the  light  is  mor« 
difTu&er],  and  therefore  less  brilliant-  Using  the  electric  light  in 
pla'.e  of  our  little  candle,  the  light  scattered  from  the  dusty  air 
enables  the  course  of  the  reflected  rays  to  be  readily  traced  by 
every  one  in  this  large  audience.  In  like  manner,  a  sound  focus 
or  a  sound  image  may  be  obtained  in  place  of  the  luminous 
one.  Inasmuch  as  only  one  person  at  a  time  could  ascertain  this 
fact,  we  must  fall  back  upon  a  sensitive  flame  to  reveal  it  to  us 
all  simultaneously.    ^loreover,  the  great  advantage  of  the  Same 
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is  the  small  surface  it  exposes,  and  its  extra orilinary  power 
of  acoustic  discernment,  if  I  may  use  the  expression.  The 
source  of  sound  I  shall  use  is  a  loud  ticking  watch  en- 
closed in  a  padded  case  which  has  a  moveable  cap  on  one 
side.  In  one  focus  of  the  pair  of  mirrors  we  have  a  sensitive 
flamejandwc  shall  find,  I  trust,  that  as  soon  as  the  watch  is  brought 
within  the  focus  of  the  distant  minor,  we  shall  have  the  flame 
beating  lime  to  the  ticking  of  the  watch.  It  is  so,  as  you 
see.  Placing  the  little  cap  over  the  watch  immediately  you 
find  the  t^ame  is  silent.  Taking  the  cap  off  again,  the  effect  is 
renewed.  Even  by  turning  the  face  of  the  watch  towards  the 
flame,  that  is  away  from  its  adjacent  mirror,  or  moving  it  slightly 
out  of  the  focus,  the  effect  ceases ;  but  placing  it  in  the  focus  once 
more,  you  have  evidence  of  the  reflection  of  sound.  I  think  that 
is  sufficient  e%'idence  of  the  fact  that  both  light  and  sound  can  be 
converged  by  reflection  to  a  focus.    {See  Appendix  B.) 

Not  only  do  light  and  sound  obey  the  same  laws  of  reflection, 
but  they  obey  similar  laws  when  tefiacted.  Light  on  passing 
obliquely  from  a  dense  medium  to  a  rare  one,  or  vi(e  v(rs&,  is 
bent  out  of  its  original  course,  it  is  refracted.  So  also  is  sound. 
Passing  a  beam  of  light  through  this  convex  lens,  you  see  by  the 
smoke  in  the  air  that  the  light  is  brought  to  a  focus,  just  as 
it  was  by  the  concave  mirror.  If  we  take  a  thicker  lens,  the  light 
is  brought  to  a  focus  much  nearer.  Now  what  I  want  to  show 
you  is  a  simitar  experiment  as  regards  sound.  This  can  be  ac- 
complished  not  by  passing  sound  through  glass  lenses,  which  are 
much  too  dense  for  the  purpose,  but  by  parsing  ra>'s  of  sound 
through  convex  lenses  of  some  medium  slightly  denser  than  air, 
such  as  carbonic  acid  gas.  1  have  here  a  collodion  balloon 
which  is  being  filled  with  that  gas ;  this,  when  it  is  inflated,  will 
form  a  double  convex  lens.  If  we  now  take  our  sensitive  flame, 
F  (Gg.  4J,  and  place  the  collodion  balloon  B  between  the  source  of 
sound  S  and  the  flame,  we  shall  have  the  refraction  of  sound  made 
evident  by  the  convergence  which  takes  place  when  the  waves  of 
sound  pass  through  (he  balloon.  I  will  place  the  watch  at  such 
a  distance  that  it  does  not  affect  the  flame,  and  then  introduce 
'  the  ballooD)  so  that  the  focus  falls  on  the  root  of  the  flame,  which 


oonridenUe  anion.  Eva  with  an  ordioarj  duld's  indu-mbber 
ballooD  sold  about  the  streets,  yxm  may,  by  filing  it  with  the 
ait  from  your  longs,  produce  a  denser  medimii,  and  obtain  a  my 
fail  nefra^OD  of  sound  in  this  way.     (See  A/ffJiJix  C.) 

Now  if  we  pass  &om  the  reflection  and  lefracdon  of  sotmd  to 
the  abiOTflion  of  light  and  sound,  we  shall  find  that  similar  laws 
hold  good  here.  When  a  ray  of  light  passes  through  a  contisuous 
medium,  it  undergoes  neither  refraction  nor  reBection ;  but  when 
this  medium  is  broken  up  by  any  other  medium  of  a  difleieot 
density,  then  every  beam  of  light  which  entera  the  second  medium 
undergoes  reflection  at  the  surface.  If  therefore  we  have  a  lay 
of  light  frequently  passing  from  one  medium  to  another,  it  will  be 
frequently  reflected  and  tefraaed,  and  every  time  it  undetgoes 
this  reflection  the  transmitted  ray  will  be  weakened.  This 
accounts  for  the  laci  that  if  you  lake  some  perfectly  transparent 
crystal  like  rock  salt,  and  crush  it  into  powder,  it  becomes 
opaque  in  the  same  way  as  traospareDt  ice  is  perfectly  opaque 


LIGHT  AlyTD  SOUND. 


445 


when  in  ihe  form  of  snow.  I  have  now  to  show  you  that  we 
can  produce  this  opacity  by  two  perfectly  transparent  substances 
in  the  case  of  hght  and  in  the  case  of  sound.  I  have  here  a 
trough  containing  water  focussed  upon  the  screen.  In  ihis  trough 
I  will  pour  a  clear  solution  of  tartaric  acid,  and  then  add  also  a 
clear  solution  of  bicarbonate  of  soda.  The  moment  they  come 
together  we  shall  obtain  an  effervescence,  and  the  bubbles  of  trans- 
parent gas  will  l>e  so  numerous  that  opacity  will  result,  and  the 
screen,  you  observe,  becomes  quite  dark.  The  bubbles  arc 
perfectly  transparent  in  themselves,  but  owing  to  their  numlier 
they  reflect  the  light  so  frequently  that  it  is  entirely  obstructed 
from  the  screen,  and  scattered  back  towards  the  lamp  and  the 
audience.  \\'hen  the  bubbles  clear  away,  the  light  is  again  able 
to  pass  through.  Now  1  want  to  show  you  an  exactly  similar 
phenomenon  in  the  caseof  soiiud,  The  apparatus  consists  merely 
of  a  source  of  sound  S  (fig.  s),  in  this  case  a  stunted  metronome, 
enclosed  in  a  padded  box  with  a  hole  on  one  side,  and  a  row  of 


gas  jets,  C,  between  the  sound  source  and  the  sensitive  flame,  F. 
Two  conical  reflectors  of  tin  or  cardboard,  R  R,  are  advantageous 
additions.  The  gas  is  now  turned  off,  and  the  flame  is  loudly 
beating  time  to  the  strokes  of  the  metronome,     I  will  now  light 
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three  small  jets  of  gas,  and  Iteep  their  flames  considerably  below 
the  lower  edge  of  the  reflectors.  You  see  the  flame  instaotly 
stops  its  motion,  though  the  metronome  is  still  going  on.  The 
reason  of  this  is  as  follows  :  the  jets  of  gas  produce  columns  of 
heated  air,  and  these  columns  have  a  different  refractive  power  to 
the  cool  air,  and  hence  the  pulses  of  sound,  passing  through  the 
sj^ace  between  S  and  F,  undergo  reflection  al  every  surface  of  hot 
air,  and  we  have  the  sound  so  weakened  by  these  successive 
reflections  that  very  little  or  no  effect  is  produced  on  the  flame.* 
Thus  we  have  exactly  an  analogous  case  to  that  which  we  had  a 
moment  ago  in  the  effervescing  liquid.  So  far  then  for  the 
analogy  we  have  traced  in  the  general  absorption  of  light  and 
sound  waves. 

We  might,  if  there  was  time,  point  out  that  this  analogy  extends 
even  to  the  details  of  absorption  and  radiation.  One  reference 
will  suffice.  I  presume  many  of  you  are  familiar  with  the  magnifi- 
cent generalisation  of  Kircbhoff,  who  has  shown  us  the  compodtion 
of  the  sun  from  the  absorption  of  certain  luminous  rays  emitted  by 
its  incandescent  nucleus.  If  a  glowing  gas  emits  a  certain  character 
of  light,  it  will  absorb  precisely  that  character  of  light  when  cold. 
If,  for  example,  a  heated  gas  emits  a  certam  red  light  it  will  when 
cold  absorb  a  similar  red  light.  If  a  body  emits  certain  green 
rays  when  it  is  cold,  the  vapour  of  that  substance  will  absorb 
similar  green  rays.  Now  this  reciprocity,  as  we  may  call  it, 
of  radiation  and  absorption  is  beautifully  illustrated  in  the  case 
of  sound.  In  fact,  we  obtain  the  clearest  notion  of  the  optical 
law  from  the  parallel  experiment  in  the  phenomenon  of  sound.  I 
have  here  a  whole  series  of  different  tuning  forks,  two  only  being 
of  the  same  pitch.  .Against  one  of  these  (A,  hg,  6),  which  is  now 
silent,  I  place  a  little  suspended  bead ;  now  I  will  sound  any  one 
of  these  other  forks  which  is  not  in  tune  with  it,  and  it  will 
have  no  effect  upon  the  silent  fork,  but  if  I  sound  the  fork,  B,  which 

*  This  (brm  of  Ihc  experiment  hu  not  been  publisheii  before  g  it  ii  adrkable  to 
have  a  tcieen  or  gliu  on  dch  tide  of  the  flamcj,  u  ihown  by  the  dotted  line.     To 

Dr.  Tyndall  is  due  Ihc  hret  artangemenl  for  exhibiting  tbit  cFkI,  of  Which  die 
toregomg  n  merely  a  tinipliriciilion, 


LIGHT  AND  SOUND.  447 

is  exactly  m  tune  with  the  one  now  silent,  the  vibrarions  emitted 
by  the  sounding  fork  will  be  taken  up  by  the  silent  fork,  A,  and  I 
expect  you  will  find  the  bead   will  be    pushed  away  by  the 


vibrations  of  the  fork ;  —the  movement  of  the  bead  indicating 
the  vibrations  as  we  saw  at  the  beginning  of  the  lecture.  You 
e  by  the  shadow  on  the  screen  the  bead  is  agitaied  directly,  and 
if  I  quench  the  sound  of  the  fork,  B,  those  near  will  hear  a  faint 
whisper  of  the  notc'persisting.  That  is  due  to  the  vibration  of  A ; 
which  has  taken  up,  aod  is  now  giving  forth,  the  vibrating  enet^ 
it  has  abeorbeil  from  B.  I  will  now  stop  this,  and  fix  the  least 
piece  of  wax  to  one  of  the  prongs  of  A,  so  as  to  make  it  a  little 
flat.    The  period  of  the  two'forks  now  slightly  differe,  and  you 

'  notice  that  there  is  no  response  on  the  part  of  A  when  I  strike  B ; 

I  quickly  removing  the  wax  from  A,  matters  are  restored  co  their  ■ 

'   original  condition,   and    the  dancing  of  the  huge  shadow  of 

I  the  bead  shows  that  A  once  more  responds. 
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This  interesting  experiment  is  then  the  exact  aaalogue  oC 
the  pfaenomena  of  selective  radiation  and  absorption  leferred 
to  previously.  A  sodium  flame,  for  example,  emitting  light  of 
a  bright  yellow  colour,  correspoods  to  our  sounding  fork ;  cool 
sodium  vapour,  because  it  is  capable  of  vibrating  in  the  same 
period  as  its  glowing  vapour,  absorbs  tight  of  that  particular 
yellow  character,  and  hence  corresponds  tkj  our  reciprocating 
fork  A.  Considerations  such  as  these  have  led  to  the  belief 
that  sodium  vapour  exists  in  the  atmosphere  round  the  son, 
because,  from  among  exactly  those  rays  which  sodium  itself  would 
give  us  if  it  were  burning  on  the  surface  of  the  earth,  a  portioo 
of  the  light  of  the  sun  has  been  robbed.  You  will  notice  here 
how  helpful  is  the  analogy  in  the  case  of  sound  ;  hiw  it  enables 
us  to  form  dearer  and  more  definite  mental  pictures  of  these 
subtle  luminous  phenomena ! 

Not  only,  however,  can  a  wave  of  light  or  sound  be  accepted 
by  bodies  in  unison,  but  one  wave  can  be  made  to  extinguish  or 
to  strengthen  another  by  its  coalescence  with  it.  Of  this  we 
may  gain  an  excellent  conception  from  Wheatstone's  beautiful 
wave  apparatus  which  I  have  here.  You  may  imagine  this  wave- 
hke  row  of  beads  to  be  either  a  wave  of  sound,  or  a  wave  of  light, 
■  or  a  wave  of  the  sea,  and  by  moving  this  slide  to  and  fro  I  can  cause 
the  wave  to  travel  backwards  and  forwards.  Then  1  have  here  the 
means  of  producing  a  second  system  of  waves,  and  when  the 
hollows  of  one  set  of  waves  coincide  with  the  hollows  of  the  other 
set,  they  will  produce  a  hollow  twice  the  depth,  and  when  the 
crests  of  one  set  coincide  with  the  crests  of  the  other  they  produce 
a  crest  twice  the  height,  but  when  a  crest  coincides  witli  a  hollow 
then  we  shall  find  that  instead  of  getting  a  wave  twice  as  great  we 
shall  get  no  wave  at  all,  because  the  tendency  of  one  wave  will  be 
to  move  upwards  whilst  the  other  moves  do'vnwards,  and  thus  a 
level  line,  or  calm  is  produced.  Waves  in  this  condition  arc  said 
to  be  in  opposite  fhases. 

Now  1  want  to  show  you  the  actual  effect  of  this  in  the  case  of 
sound  and  light,  that  is  to  say,  the  destruction  of  one  sound- 
bearing  wave  by  another,  and  the  destruction  of  one  light-bearing 
wave  by  another.    This  is  termed  the  interference  of  waves,  and 
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we  will  try  to  exhibit  it  in  the  case  of  sound  first.  U'hen  I  strike  a 
tuning  fork,  the  t'.vo  piongs  of  the  fork  ore  sending  ofT  two  sets  of 
waves  ;  and  if  I  place  the  fork  over  a  jar,  so  that  the  two  prongs 
shall  send  waves  into  the  jar  in  the  same  phase,  we  get  a  sound 
of  gieater  intensity  than  would  be  produced  by  one  prong  ;  but  I 
can  place  the  fork  in  such  a  position  that  the  wave  produced 
from  one  prong  is  in  a  phase  exactly  opposed  to  that  of  the  wave 
produced  by  the  other  prong,  then  the  two  sounding  pulses  will 
neutralise  one  another,  and  we  shall  have  perfect  silence  resulting 
from  llie  coincidence  of  two  sounds  in  opposite  phases.  This 
I  can  obtain  by  merely  placing  the  fork  obliquely  to  the  jar,  and 
if  1  turn  it  backwards  and  forwards  the  sound  comes  and  goes 
alternately.  A  similar  behaviour  is  exhibited  very  well  by  taking 
two  tuning  forks  very  nearly  in  unison.  If  they  are  only  slightly 
out  of  tune,  the  vibrations  of  one  will  neutralise  for  a  moment  the 
vibrations  of  the  other,  and  we  shall  have  intervals  of  sound  and 
of  silence  regularly  succeeding  each  other.  These  are  the  so- 
called  "  beats  "  in  music,  and  the  rhythmic  swelling  forth  and  then 
subsidence  of  the  resultant  sound  from  these  two  very  slightly 
dissonant  forks  can  be  hearil  by  every  one  present.  By  means 
of  two  pendulums  of  the  same  length,  this  fact  of  interference  can 
be  made  evident  to  the  eye.  If  the  pendulums  are  both  started 
at  the  same  phase,  they  will  strengthen  one  another;  but  if 
they  arc  started  at  opposite  phases,  their  motions  tend  to 
neutralise  one  another.  If  one  is  made  a  little  shorter  than 
the  other,  then  they  alternately  strengthen  and  neutralise  one 
another. 

This  phenomenon  can  be  made  evident  by  other  means. 
Here  is  an  apparatus  designed  by  Koenig  of  Paris,  and  here 
is  one  1  designed  the  other  day.  It  is  a  tubular  ring  of 
brass,  and  if  a  whistle  be  introduced  at  the  top,  it  being 
placeil  in  a  certain  position,  you  will  hear  the  sound  of  the 
whistle  readily,  but  if  you  place  it  in  such  a  position  that  the 
path  of  one  wave  has  to  travel  through  a  longer  branch  than 
the  other,  a  certain  position  will  be  arrived  at  in  which  the  two 
waves  will  be  in  opposite  phases,  and  however  loudly  you  blow  the 
whistle  no  sound  will  come  out  of  the  tube.  (See  Apptndix  D.) 
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It  seems  very  remarkable  that  two  sounds  can  produce  silence, 
but  we  must  remember  that  sound  is  motion  and  not  matter. 
Further,  there  is  only  half  a  step  between  strength  and  destrucdoo. 
Half  a  wave  length  behind  another,  we  have  perfect  silence  ; 
but  with  two  haif-iengths'  difference  the  waves  coincide  and 
they  are  strengthened. 

We  must  now  briefly  notice  the  optical  correspondence  to 
this  phenomenon ;  an  analogy  first  pointed  out  by  Dr.  Thomas 
Young,  who  from  the  interference  of  sound  inferred  that  in  tfaecase 
of  light  a  similar  action  must  take  place.  T  will  not  read  to  you 
the  description  he  gives,  which  I  have  here  in  his  early  raemoit  on 
the  subject,  but  it  will  be  sufficient  for  you  to  bear  in  mind  that 
from  this  phenomenon  of  the  interference  of  sound  pulses — these 
beats  which  you  have  just  now  heard — Dr.  Young  inferred  the 
existence  of  corresponding  beats,  as  it  were,  in  ibe  case  of  light ; 
that  two  waves  of  light  in  opposite  phases  ought  to  extinguish  one 
another  and  produce  darkness,  and  it  was  according  to  this  theory 
that  he  gave  the  explanation  of  what  are  known  as  Newton's 
rings,  or  those  beautiful  colours  that  you  observe  in  a  soap  bubble, 
the  colours  of  thin  films.  Here  1  have  on  the  screen  an 
image  of  these  Newton  rings  ;  a  glass  lens  is  laid  on  a  level 
plate  of  glass,  and  the  slight  interval  between  them  gives  rise 
to  these  lovely  bands  of  colour.  Using  red  light  instead  of 
white,  you  see  intervals  of  light  and  darkness  ;  and  these  intervals 
of  darkness  are  produced  by  two  series  of  waves  of  light  coiQCid- 
ing  in  opposite  phases  and  thus  neutralizing  each  other.  We  have 
here  the  analogue  of  our  beats  in  music ;  in  one  case  the  extinc- 
tions are  distributed  in  space,  in  the  other  in  time  ;  a  characteristic 
difference  which  is  even  more  strikingly  manifest  in  the  case  of 
music  and  colour.  Subsequently  to  Young's  rime,  Fresnel  suc- 
ceeded in  making  two  rays  of  light  passing  through  slightly 
different  paths  to  interfere,  so  as  to  entirely  destroy  one  anotho*. 
(See  Appendix  E.J 

I  am  anxious  now  to  point  out  what  some  may  consider  a 
fanciful  aspect  of  this  analogy,  viz.,  the  analogy  between  colour 
and  music.     You  may  say  what  can  be  the  resemblance  between 
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a  puDting  by  Rubens  and  a  sonata  by  Beethoven  ;  but  I  think 
you  will  agree  with  me  that  this  relationship  will  become  conceiv- 
able if  we  consider  this  matter  for  a  few  moments. 

All  the  composite  sounds  of  langua^,  or  the  complex  notes  of 
an  orchestra,  are  ihe  result  of  a  few  simple  tones  variously  combined. 
So  all  the  colours  of  an  autumn  landscape,  oi  on  the  glowing 
canvas  of  a  Turner,  are  the  product  of  a  few  simple  colours 
variously  blended  and  juxtaposed.  Further,  I  need  not  remind 
you  that  every  pigment  by  its  own  natural  selection  derives  its 
colour  from  the  colourless  rays  of  the  suo.  Now  the  prism  dis- 
integrates white  ligtit,  and  sorts  its  constituents  into  a  graduated 
scries  of  wave-lengths,  giving  us  that  exquisite  band  of  colour  you 
see  upon  the  screen,  called  the  spectrum-  In  like  manner  we  may 
analyse  a  musical  composition  and  arrange  i'.s  coasEitucnts  into 
the  sequence  of  notes  called  the  musical  scale.  The  succession 
of  colours  in  the  spectrum  follows  an  invariable  and  harmonious 
order,  namely— going  up  the  scale — red,  orange,  yellow,  green, 
blue,  indigo,  and  violet.  And  just  as  any  other  arrangement  of 
these  colours  is  less  enjoyable,  so  also  is  any  attempt  to  ascend  or 
descend  the  gamut  than  by  following  the  sequence  of  notes  C,  D, 
E,  r,  G,  A,  B.  Here,  however,  let  us  be  on  our  guard,  for  no  doubt 
much  of  the  pleasure  given  by  the  spectrum  is  due  to  its  delicate 
gradations  of  colour,  to  imitate  which  in  music  we  ought  to  have 
more  notes  than  arc  to  be  found  within  the  octave  of  Mr. 
Bo&anquct's  beautiful  enharmonic  organ,  that  is  to  be  seen  in  the 
loan  collection.  The  sustained  sound  of  the  common  chord— as 
given  in  all  its  purity  by  these  excellent  tuning  forks,  made  by 
Kccnig  of  Paris— produces  on  the  car  a  similar  delicious  impres- 
sion uf  conscious  repose  to  that  which  the  spectrum  produces  on 
the  eye  ;  in  the  harmony  of  these  forks  we  have,  icslhetically.  a 
rambaw  vf  sound.  But  even  here  the  analogy  is  more  poetical 
than  physical.  For  the  musical  analogy  to  the  spectrum  should 
be  found  in  melody  rather  than  in  harmony ;  in  the  sequence, 
not  the  blending  of  tones- 
Sir  Isaac  NcH-ton,  however,  lent  the  authority  of  his  great  name 
to  the  consideration  of  the  analogy  between  colour  and  music :  be 
sought  and  found  some  resemblance  between  the  relative  widths 
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of  the  various  colours  of  the  spectrum  and  the  relative  extent  of 
the  intervals  in  the  notes  of  the  gamut.  But  this,  with  aJl  respect 
to  Newton,  is  acknowledged  to  be  an  unjust  and  fanciful  analogy, 
inasmuch  as  the  colour  spaces  vary  with  the  material  of  the  prism 
and  are  quite  different  in  iheir  relative  width  when  seen  in  a  '  dif- 
fraction' instead  of  a  'refraction'  spectrum.  Moreover,  the 
coincidence  between  the  sei<en  colours  m  the  spectrum  and  the 
seven  notes  in  the  gamut  is  also  entirely  accidental ;  for,  though  we 
still  adhere  to  Newton's  classification,  there  are  really  an  infinite 
variety  of  tints  in  the  spectrum. 

The  relationship  between  colour  and  music,  if  any  exist,  must 
be  found  by  comparing  the  wave-length  corresponding  to  each 
note  of  the  gamut,  with  the  wave-length  coixesponding  to  each 
colour  of  the  spectrum.  First  let  us  find  what  range  of  wave- 
lengths is  embraced  by  our  organs  of  vision  and  hearing  re- 
spectively. By  proper  means  a  good  observer  can  see  from  the 
fixed  line  A  in  the  solar  spectrum,  which  has  a  wave-length  of  760 
millionths  of  a  millimetre,  to  the  line  L,  which  has  a  wave-length 
of  38 1  millionths  of  a  millimetre  The  latter  is  almost  exactly  one- 
half  the  former,  so  that  the  proportion  is  two  to  one,  correspond- 
ing to  an  octave  in  music.  Ordinarily  the  visible  spectrum  extends 
over  an  interval  corresponding  to  a  seventh  in  music.  The  range 
of  hearing  is  far  greater,  embracing  about  eleven  octaves.  (See 
Appendix  F.)  But  there  are  rays  beyond  each  end  of  the  spec- 
trum our  eyes  cannot  see,  and  which  can  be  made  evident  by 
means  that  would  take  me  too  far  from  my  subject  to  allude  to 
now  ;  and  there  are  vibrations  beyond  the  limits  of  hearing  which 
can  be  made  evident  by  means  of  a  sensitive  flame.  Let  us, 
however,  take  one  octave  in  music  out  of  the  eleven  which  are 
audible,  and  compare  it  (in  the  manner  previously  stated)  with 
the  octave  of  colour,  the  limits  of  which  are  just  visible.  This 
we  may  fairly  do,  as  the  notes  in  every  musical  octave  are  propor- 
tional repetitions  of  one  another. 

The  difficulty  we  meet  at  the  outset  is  that  there  is  no  line  of 
demarcation  between  the  colours  of  the  spectrum,  but  careful 
attempts  have  been  made  to  fix  the  limits  of  the  colours.  The 
most  recent  and  careful  determination  of  these  limits  is  one  made 
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by  an  eminent  German  physicist,  Prof.  Listing ;  •  a  determination 
accurately  expressed  by  taking  the  wave-length  that  fonns  the 
boundary  of  the  colours  on  either  side.  Employing  pure  spectra, 
and  using  every  precaution.  Listing  experimentally  determined 
the  transition  places  and  the  central  region  of  each  colour,  the  so- 
called  "  Fraunhofer  lines  "  being  used  as  landmaiks.  The  obser- 
vations were  then  repeated  upon  the  normal  spectrum  obtained  by 
diffraction,  and  were  checked  by  the  independent  obser\'aiions  of 
others,  and  by  repetitions  at  different  times.  In  this  way  the 
remarkable  fact  was  disclosed  that  the  numbers  of  vibrations  at 
the  transition  spots  form  an  arithmelical  progrtssion  throughout 
the  entire  series  of  colours  :  every  succeeding  colour  towards  the 
violet  being  due  to  48J  billions  more  vibrations  per  second  than 
the  preceding  one.  The  number  48^  billions  expresses  therefore 
the  range  of  a  single  colour  sensation  in  human  vision.  For 
reasons  given,  Listing  adopts  the  following  scale  of  colours — 
brown,  red,  orange,  yellow,  green,  cyanogen,  indigo,  and  lavender, 
and  stales  as  a  law  that  this  series  can  be  physically  expressed  by 
an  arithmelical  progression  of  eight  numbers,  in  which  the  last  is 
the  double  of  the  first.  (See  Appendix  G,} 

The  number  of  vibrations  corresponding  to  the  extreme  limit  oJ 
colour  at  the  red  end,  he  fixes,  upon  Helmholii's  and  Angstrom's 
authority,  at  363'9  billions  per  second,  or  a  wave-length  of  819-8 
miUionths  of  a  millimetre.  By  adding  to  the  former  number  hall 
the  colour  interval — namely,  34^  billions — the  normal  centre  of 
the  first  colour  is  obtained  ;  48^  billions  added  to  that  gives  the 
centre  ot  the  next  colour,  and  bo  on.  These,  and  also  the  limits 
of  each  colour,  are  here  tabulated  along  with  the  corresponding 
wave-length. 
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Table  showing  the  wave-length  X,  in  millianihs  of  a  millimetre;  and 
the  vibration  number  «,  in  billions  per  second^  of  the  limits  of  the 
colours  of  the  spectrum. 

Extreme  lower  limit  of  vision    . . . 

JL^*  \^  vT  &X   •«•       •••       •••       •••       •■•       ••• 

Transition  limit 

'RpH 

A^WVL  •••  ■••  •*•  •••  ••«  ••• 

Transition  limit 

^^A  0iA-*lCC  •••  •••  •••  «••  ••*  ••• 

Transition  limit 

X  C&A^/  TV     •••  •••  •••  •••  •••  •«• 

Transition  limit 

Green 

Transition  limit 

Cyanogen    

Transition  limit 

JLXAxXAIC^^    •••  •••  •••  •■•  •••  ••• 

Transition  limit 

Violet 

Transition  limit  ; 

Lavender     

Transition  limit 

The  wave-lengths  of  any  colour  or  note  is  inversely  as  the 
vibration  number  giving  rise  to  it.  So  that  if  the  vibration 
numbers  are  expressed  by  the  series  2,  3,  4,  and  so  on  in  arith- 
metical progression,  the  wave-lengths  would  be  expressed  by  the 
reciprocals  ^,  ^,  J,  etc.  This  latter  is  called  an  harmonic  series,  and 
according  to  the  eminent  authority  of  Prof.  Listing,  it  expresses 
the  order  of  the  wave-lengths  in  the  successive  colours  of  a  rain- 
bow. Now  the  so-called  chromatic  scale  in  music  is  arranged  in 
equal  musical  steps ;  and  some  may  be  inclined  to  jump  to  the 
conclusion  that  therefore  the  vibration  number  of  its  tones  must 
form  an  arithmetical  series  like  our  spectrum  and  that  the  analogy 
between  colours  and  tones  is  indubitable  !  The  terms  harmonic 
series  in  one  case  and  chromatic  scale  in  the  other  foster  this 


X 

n 

8198 

363-9 

768-6 

388-2 

723*4 

412-5 

6832 

4367 

647*2 

461-0 

614-9 

485-* 

5856 

509*5 

5590 

533-8 

5347 

558-0 

512-4 

5823 

4919 

6o6-6 

473-0 

6308 

455'S 

6551 

439*2 

6793 

4240 

703-6 

409-9 

7279 

3967 

752-1 

384-3 

776-4 

372-6 

8oo-6 
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'  delusion.  Let  rae,  therefore,  beg  you  to  remember  that  there  is  no 
necessary  cooueciiuii  whatever  with  music  in  the  one  case,  or  with 
colour  in  the  other ;  a  series  of  notes  arranged  with  their  vibration 
numbers  in  arithmetical  progression  would  form  simply  intolerable 
musical  intervals,  and  therefore  no  such  series  is  to  be  found  io 
any  musical  scale.  But  if  instead  of  arranging  the  vibratioB 
number  of  our  notes  in  an  arithmetical  series  as  i,  2,  3,4,  etc,  we 
arrange  them  in  a  geometrical  series  as  1,  2,  4,  S,  etc.,  then  we 
have  the  well-kncwn  chromatic  scale,  or  scale  of  equal  tempcni- 
nient,  as  it  is  sometimes  termed.  Here,  then,  is  a  \\lal  difference 
between  the  analogy  of  colour  and  tone,  the  vibration  numbers  of 
one  form  an  arithmetical  series,  of  the  other  a  geometrical  series. 
Mathematicians  seeking  to  establish  an  hypothesis  would  not, 
however,  be  deterred  by  such  a  discrepancy.    The  pliability  of 

'   figures  under  such  circumstances  is  proverbially  wonderful, 

1  do  not  pretend  to  be  a  mathematician,  but  it  is  well  known 
that  the  logarithms  of  a  geometrical  scries  give  one^  an  arithmc- 
tical  series  of  numbers.  Hence,  as  Professor  Lifting  points  out, 
if  we  take  tlie  logarithms  of  the  vibration  numbers  expressing  the 

.   chromatic  scale  in  music  we  have  a  series  of  numbers  corrcspond- 

I  ing  to  the  vibration  numbeis  of  the  colours  in  the  solar  spectrum. 
Physiologically  and  pyscho logically  there  nay  be  wide  differences 
between  music  and  colour,  but  here  we  seem  to  reach  some  sort 

[  of  physical  basis  for  this  analogy.    {Appendices  H  and  I). 

I  will  leave  these  facts  in  jour  hands,  they  nmst  be  taken  for 
what  they  are  worth,  and  conclusions  ought  only  to  be  drawn 

I  &om  them  with  extreme  jealousy  and  care.  Let  me  now  direct 
your  attention  to  another  aspect  of  ibis  relationship' which  brings 

<  into viewsymmetiyofform,aswellascolourandsound.  Doubtless 
harmony  in  the  three  great  divisions  of  art — painting,  music,  and 

I   architecture,  rests  ultimately  upon  a  physical  basis. 

It  is   possible  to  obtain  a  real  optical  ex]>rcs$ion  of  these 

I   nusioil  intervals.    This  was  first  accomplihhcd  by  M.  LJssajous, 

I    who  employed  tuning  forks,  to  one  }»ong  of  which  little  uunois 

I  were  attached.  By  reflecting  a  beam  of  light  from  one  vibrating 
tuning  fork  to  another,  placed  at  right  angles  to  the  <in>t,  curves  of 
Ugtii  arc  obtained,  which  curves  vary  according  \.u  the  combination 
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of  forks  we  select.  These  curves — Lissajous'  figures  they  are 
usually  called— are  in  fact  the  optical  equivalent  of  the  compound 
tone  we  hear  from  the  two  sounding  tuning  forks.  I  have  here  a 
very  beautiful  arrangement  for  showing  these  curves,  the  forks 
being  sustained  in  vibration  by  means  of  electro-magnets,  and  a 
beam  from  our  electric  light  being  reflected  from  one  fork  to  the 
other,  and  thence  to  the  white  screen  behind  me.  In  the  first 
place  we  will  select  two  forks  in  unison,  that  is  the  most 
perfect  harmony  obtainable,  and  you  see  upon  the  screen  the 
simplest  possible  curve,  namely,  a  circle  gradually  changing  to  an 
ellipse,  indicative  of  the  fact  that  the  two  forks  are,  by  an  inappre- 
ciably small  amount,  out  of  tune.  No  method  of  tuning  approaches 
in  delicacy  this  beautiful  optical  analysis.  Next  I  will  change  one 
of  the  forks  and  insert  its  octave,  we  have  now  on  the  screen  the 
figure  of  8,  a  simple  figure,  but  not  quite  so  simple  as  the  last. 
Next  here  is  the  interval  of  the  fifth,  and  the  figure  you  observe 
though  beauriful  is  a  little  more  intricate  ;  the  interval  is  not  quite 
so  perfect  as  the  last. 

Milton,  when  he  wrote  '  L" Allegro,'  little  iniE^ned  his  words 
would  receive  so  literal  a  demonstration  as  that  given  by  the 
scientific  discoveries  of  the  present  day.  For  does  not  this  optical 
expression  of  concord  remind  us 


If  we  now  select  a  dissonant  interval,  such  as  the  second,  you  note 
how  extremely  complicated  is  the  figure  on  the  screen  ;  it  is  nothing 
but  an  interlacing  network  of  lines  of  light,  with  every  luminous 
thread  in  a  slate  of  ceaseless  unrest.  In  fact,  the  complexity  of  the 
figure  increases  as  the  concord  lessens,  and  the  restlessness  of  the 
figure  grows  as  the  tuning  becomes  imperfect.  This  large  diagram, 
which  is  hung  behind  me  gives  you  at  a  glance  the  figures  produced 
by  various  musical  intervals  and  the  phases  those  figures  pass 
through.  I  have  put  over  each  figure  the  name  of  the  interval  repre- 
sented and  the  ratio  of  the  number  of  vibrations  corresponding 
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to  that  interval.  Thus  in  unison  the  ratio  is  i  t  i,  in  the  octave 
the  ratio  is  i  :  a,  in  the  fifth  it  is  2  :  3,  in  the  major  third  4  :  5,  and 
so  on,  and  in  the  second  the  ratio  is  8  :  9,    {Appendix  K) 

Is  it  not  very  beautiful  10  notice  the  points  of  contact  in  the 
harmony  of  colour,  music,  and  form,  the  simplest  numerical 
relationships  giving  us  the  greatest  sense  of  pleasure  ?  The  great 
Euler  suggested  that  the  reason  for  this  was  to  be  found  in  the 
fact  that  we  experience  less  fatigue  in  attempting  to  unravel 
simple  combinations ;  but  Helmholtv;  has  shown  the  true  physical 
basis  of  harmony  resides  in  the  fact  that  the  "  material  ear  does 
precisely  what  the  mathematician  effects  by  means  of  Fourier's 
theorem,  and  what  the  pianoforte  accomplishes  when  a  confused 
mass  of  tones  is  presented  to  it.  It  analyses  those  wave-forms 
which  were  not  originally  due  to  simple  undulations,  into  a  sum 
of  simple  tones,  and  feels  the  tone  due  to  each  separate  simple 
wave  sqjaratcly,"  and  this  in-es|>ectively  of  the  fact  whether  the 
sound  issued  from  the  instrument  as  a  compound  tone,  such  as 
that  jielded  by  a  bell,  or  was  the  result  of  the  mingling  of  two  or 
more  simple  tones,  such  as  those  yielded  by  our  tuning  forks 
just  now. 

And  now  the  question  arises,  is  there  an  analogy  between  the 
eye  and  the  ear  in  the  perctpHon  of  compound  colours  and 
compound  tones.  We  fear  we  must  answer  no.  The  e>'e,  so  far 
at  least  as  we  know  at  present,  is  unable  to  <lccompose  the 
compound  systems  of  luminous  waves,  which  give  rise  to  various 
compound  colours.  As  Hclmholtz  remarks,  "  It  experiences  from 
them  a  single,  unanalysable,  simple  sensation,  that  of  a  mixed 
colour.  The  eye  has  no  sense  of  harmony  in  the  same  meaning 
as  the  ear."  But  we  can  hardly  give  our  assent  to  the  great 
master's  words,  when  he  says,  "  It  is  indifferent  to  the  eye  whether 
this  mixed  colour  results  from  the  union  of  fundamental  colours 
with  simple  or  wiih  non-simple  ratios  [that  is,  the  ratios  of  the 
vibration-numbets,  or  of  the  wave-lengths,  which  give  rise  to  the 
sensation  of  colour].    There  is  no  music  in  the  eye." 

Is  this  so?  If  we  furnish  the  eye  with  a  prism  and  thin 
analyse  some  lovely  compound  colour,  we  shall,  I  think,  in 
general,  &nd  that  there  is  a  simple  ratio  between  the  vibration 
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number  of  the  constituents  of  the  mixed  colour.  Take,  for 
example,  this  beautiful  purple  yielded  by  a  soiution  of  permaQ- 
ganate  of  potash  :  the  prism  shows  iis  consdtueots  are  red  and 
blue,  and  the  ratio  of  the  vibration-number  of  these  colours 
closely  corresponds  to  that  of  a  fifth  in  music  So  we  might 
take  other  compound  tints.  Whether  such  analo^es  are  more 
than  accidental  1  am  not  prepared  to  say,  the  matter  is  worthy 
of  more  exhaustive  inquiry,  and  certainly  it  would  not  only  be 
sestheticalty  interesttng  but  practically  useful  if  we  could  rely  on 
such  an  analogy,  and  thus  decide  questions  of  taste  as  to  the 
proper  use  of  colours  in  decoration  and  dress  by  comparing  them 
with  their  musical  equivalents.  Like  music,  colour,  as  Ruskin 
remarks,  "  is  wholly  relative,  each  hue  in  a  work  being  altered  by 
every  hue  added  in  other  places." 

In  the  quaint  words  of  Sir  Thomas  Brown,  in  his  '  Religio 
Medici,"  we  may  say,  "  There  is  music  wherever  there  is  harmoay, 
order,  or  proportion ;  and  thus  far  we  may  maintain  the  musu 
of  the  spluris;  for  these  well-ordered  motions,  and  regularpaces, 
though  they  give  no  sound  to  the  ear,  yet  to  the  understanding 
they  strike  a  note  most  full  of  harmony."  And  I  need  hardly 
remind  you  of  the  well-known  passage  tn  the  '  Merchant  of 
Venice,"  where  Shakespere  gives  poetic  utterance  to  the  same 
ancient  conception.  Indeed,  the  whole  order  of  nature  looked  at 
aright  is  but  "linked  sweetness  long  drawn  out."  Creation  to 
the  student  of  nature  is  a  silent  song,  but  one  full  of  meaning  to 
the  reverent  mind.  Amid  the  mutability  of  all  things  we  may  hear 
the  music  of  their  march.  And  this  surely  is  one  of  the  charms 
of  scientific  inquiry.  By  exalting  our  conceptions  of  nature  jt 
widens  our  mental  horizon,  and  increases  our  capacity  for 
intellectual  enjoyment  of  the  healthiest  and  happiest  kind. 
{Appendix  L). 

The  Chairman  : — Ladies  and  Gentlemen,^!  am  sure  you  will 
all  join  »nlh  me  in  returning  a  most  cordial  vole  of  thanks  to 
Professor  Barrett  for  the  extremely  interesting  lecture  he  has 
given  us. 
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My  friend.  Mr.  F.  Millnid.  wm™  lo  me  :— 

"  Philology  point!  om  rosny  curioui  imJogio,  which  show  chat  peO()le  in  all 

IgES  have  inmnciively  anociatctl  tound  ind  colouc.   Thus  in  Greek  we  hive  (tvSit, 

\  irtlich  denote*  a  yellowiiih,  tawny  colour,  and  aome  delialc  thin  kind  or  tound, 

I   Irtlich  it  is  hiid  to  define.     In  a  remarkable  paasage  (Top,  i,  15,  4,  tq.),  AHnotle 

[at9  out  that  the  word  rrau^^i  -(iponjy,  porous),  is  ipphed  10  the  rnlermediUe 

ind  between  A«wJt  (white.  >'■  t.  dnr),  and  iiiXM  {■•  •'•  obicurc),  and  benoe 

m  be  "  hollow,"  "  (hick."     Moicovei,  be  adds,  that  ^rti  (duiky,  whity-brown) 

s  incorrKtIy  applieil  by  inaoy  Greeks  10  Ihii  imermediue  tound.     Again,  in 

I   lAiin  ravw  ii  applied  id  the  lawny  wolf  and  lo  a  hoarw  tonttd :  /u/nii  is  Bid  of  • 

I    dinky,  swarthy  hue,  or  oTa  hinky,  indtstion  viHce,  ojiposed  to  taadtdui,  white,  i.  1, 

I.    Suriut  It  deaf)  but  Pliny  uses  it  of  a  dim,  dull  hue   (cf.   French  mmri, 

applied  to  dull  »undt):  while  ctanu  is  clear  in  colour  or  sound.      In  an  able 

I    ■nicle   on    Gnnim'^  Grammar,  conluncd  in  >  BUckwuod's  Migazinc,'  February, 

I    1840,^0^,  ^u', '  I  lay,'   IS  shown  to  be  connccied  with   Mami,   'to  shine.' 

luctit) :  10  give  forth  sound,  aiul  to  giic  forth  light,  to  apeak  and  to   thine 

I   bdng  thus  convrrt>t>1e  tetnit.     In  modem  language*  we  linH  our  own  slang  cl> 

pn»ion  a  loud  colour  by  the  side  of   the   stronger   German  'cine  KhttKnde 

Pkrbe,'  a  'tcreeching  '  colour  |  01  the  Flench. '  un  gilei  criaid.'      But  the  whole 

I   Mnory  of  ihii  linguiiiic  taiimony  (0  a  physical  analogy  would  demand  flit  mote 

1  the  space  of  ■  note  for  it*  diiciufion."     In  the  early  hiiloric  period*  of  the 

,    human  race  the  absence  of  any  sign  of  the  appteciaiion  of  colour  i>  well  known. 

The  Cut  adduced  in  the  prohnind  aracle  on  the  Colour  Senac,  by  the  Rt.  Hon. 

W.  E.  Gladstone,  in  ihe  •Nineteenth  Century,'  Ociubei,  1S77  i  and  in  the  liMt 

note  of  Ml,  A.  R.  Willacc'i  valuable  conttibution   10  '  Macmillan't   Magaitnc,' 

of  the  ume  date, — together  with  the  foregoing  philological  oonsidcrationa  may, 

perhap*.  indicate  that  there  once  existed  some  degree  of  confusion  or  ilifficulty  of 

lliEnmiilalkin  between  the  imprestiont  made  on  the  eye  and  ear  respectively. 


This  experiment,  together  with  other  practical  applications  of  a  seiuitiTe  flame  in 
lllutlralLng  the  reflection,  refraction,  and  interference  of  sound,  were  first  dcmnn. 
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Of  Che  leumna  m  a  paper  he  read 
nr  3,  iS66»  aa  afattacc  of  which  «a 
Sooetrand  fcpcoiooed,  ic  may  be  oummiuM.  iosaBe,ia 
odicr  yimrifir  jooraaliL  In  an  anade  cs  the  iniiiiij  <d  Ii^h:  and 
in  the  Qaaiteflj  'Journal  of  Sdenoe'  ior  JaKBur*  1S7C,  these 
rcltiiul  to,  and  from  that  aitide  is  taken  the  fi^  5,  in  die 
briiiiifiil  czperimenc  vith  the  tnbcs,  fir.  2  (cnmrnnnkjid  to  the  Boval 
Dr.  TjndaQ,  on  Fcbnarj  2,  1874O  is  doe  to  Mr.  CotncIL,  from 
the  Piorrrifingt  of  the  Ro^al  Sodctj  I  have  pkasme  in  nuk  rug  die 
CTtracw: — ^A  «ibatin$  bcil  mnrarncri  in  a  padded  box 
read  a  socmd'^mfe  thioagh  a  on  tube,  BA  (58  inches  long,  if  inch 
toe  difcdion  BS,  iti  avtioo  being  rcndeted  maiifptf  br  its  cntgng 


of 

t 


,)in 


flame  placed  at  S  10  become  violendy  agitated  (sec  figure).  The  invisible  heated 
lajcr  immediately  above  the  laminoos  portion  of  an  ignited  coal-gas  fiame, 
iMoing  from  an  ordinary  bat's-wing  burner,  was  allowed  to  stream  upwards  across 
Che  end  of  the  tin  tube  BA  at  A.  A  portion  of  the  sound-wave  issuing  from  the 
tube  was  reflected  at  the  limiting  surfiK»  of  the  heated  layer,  and  a  part  being 
transmitted  through  it,  was  now  only  competent  to  agitate  slighdy  the  sensitive 
flame  at  S.  The  sound  apfieared  elsewhere ;  reflected  by  the  heated  layer,  it 
travelled  through  a  second  tube  AF;  a  sensitive  flame  at  F,  becoming  at  once 
violendy  agitated.  This  agitadon  of  the  second  flame  F  continued  as  long  as  the 
heated  layer  intervened ;  but  as  soon  as  it  was  wididrawn,  there  was  no  reflection 
of  the  sound,  the  flame  at  F  remaining  steady,  while  the  one  at  S  again  became 
agitated.  Ezacdy  the  same  action  cook  place  when  the  luminous  portion  of  a 
gas-flame  is  made  the  reflecting  layer,  but  in  die  experiments  above  described,  the 
invisible  layer  above  the  flame  only  was  used.  By  proper  adjustment  of  the 
pressure  of  the  gas,  the  flame  at  S  could  be  rendered  so  moderately  sensitive  to  the 
direct  sound-wave,  that  the  portion  transmitted  through  the  reflecting  layer  was 
incompetent  to  affixt  the  flame.    Then  by  die  introduction  and  withdrawal  of  the 
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biitt'-wing  flame,  the  two  icnsitive  flame  K  and  S  could  be  icndered  ■Itcrottdj' 
quicMxnt  ami  urongly  agiutcd.  An  illiumtian  i«  here  aiFoidcd  at  the  perfixi 
analogy  between  llghi  and  luund ;  for  iF  i  beam  of  light  be  projected  from  B  to  S, 
and  a  pUle  of  glara  be  iDUoduced  at  A,  in  the  euci  poiitlan  of  the  leflccting 
laVFi  of  gas,  Ihe  beam  vrill  be  divided,  and  one  |>oitlon  will  be  reflectecl  In  the 
direction  A  P  and  Ihc  other  portion  tranimittcd  through  the  kIisi  in  the  direction 
S>  exactly  u  the  lound-mve  ii  divided  Into  a  reflected  and  truumitted  portion  b]i 
the  Utyct  of  heated  gai  or  ftinie." 


When  1 


c. 

'  more  doKly  thii  analogy  in  the  caw  ol  rcftatlion,  wc  tee 
that  the  followm);  dilference  exiin: — A  wund-bearing  wive  cncounliiing  a  second 
medtuni  dellven  up  IH  vibniUon  to  (he  panicles  of  (he  new  medium,  irherai  ■ 
luminiferoui  wave  is,  in  every  case,  propagated  b/  the  sum:  medium,  Ihe  ether, 
which  is  anumed  lo  pervade  trannpaicnt  huilics,  and  refraction  is  accounted  lor  hy 
the  idativc  dciuity  of  the  ethei  within  luch  bodies.  In  both  sound  and  light,  how* 
ever,  refraction  ii  canted  by  (he  shanft  in  Cle  vcfanfy  of  Iht  ifa\it-/tviU.  Hence, 
both  nmoruiu  and  luminous  wavci,  pa>&ing  from  one  medium  la  another,  ate  bcnl 
towards  the  perpendiculai  ot  the  revciie.  according  as  the  vetooiy  of  propagation  in 
the  tbnner  is  gieatel  or  lea  than  that  in  the  latter.  Accordingly,  In  both  lound 
and  lighl,  a  certain  angle  eiiaa,  callcil  the  "  Umilivg  enelt  of  refraction,"  ■4mk 
aiif  IS  found  by  diviiling  Ihe  less  by  the  greater  velocity,  [f  the  »n^  of  incidence 
exceeds  the  lirmting  angle,  (he  ray,  eilhei  of  sound  ot  light,  »"  internally  or  lolally 
rrfite4rtl,"  and  ii,  therefore,  unable  to  pan  out  of  the  medium.  The  velocitie  of 
sound  in  air  and  water  are  as  1090  to  4700,  so  (hat  the  limidng  angle  for  these 
molia  i>  abou(  ij)')  no  sound,  therefore,  made  in  the  water,  howevci  loud  it 
tnay  bccoultl  be  heard  in  the  air  if  tbe  obliquity  of  the  incidenl  tayseaoadod  this 
ciirrmely  small  rnigle,  measured  fnim  Ihe  aantial  to  the  turlace  of  the  urater.  In 
(hecaic  of  light,  ihc  limiting  or  "crilial"  angle  for  the lame  (wo  medii  u^^'t  the 
lalio  of  die  vdod lies  of  light  in  ur  and  water  bdng  approtimately  as  ^  to  j.  Many 
beautiful  illuitiatiotit  of  the  total  reflection  of  light  might  be  given ;  the  metallic 
lustre,  which  bubbles  of  *li  in  water  often  present,  it  itue  to  thii  cause,  ot  a  gUs 
rod  made  red  hoi  at  one  end  will  apparently  glow  at  (he  distant  end,  Ihe  light  tn- 
*ert<ng  the  lod  by  repeated  internal  icHecdun.  The  internal  or  total  reOccuon  of 
(ound  bat  also  been  esubliihed  by  eipenincDCs  on  the  Lake  of  Geneva. 

D, 

The  apparatus  menlioncd  in  the  lecture  for  showing  ihe  interfivenoe  of  sound 

boring-waves  CDiuin  of  a  circular  arrangement  of  tubes,  one  sliding  within  the  other. 

One  tube  .\  to  which  tbe  moulhpiax  M  is  Hied,  is   thice-tourth*  of  a  circle  ;  Che 


4^2  LIGHT  AND  SOUND. 

odier  mbet  B,  to  wh'x;h  the  nozzie  N  if  •*tartif«f.  is  hilf  a  aide,  md  of 
dsimetn'  tint  it  ^Ikfef  frcdT  orer  the  tobe  A.    When  file  nocde  is  dametrioll^ 

oppoote  the  mootfapieoe,  the  path  of  the 
soand-invcs  it  of  eqaal  lenetfa,  and  henoe 
the  sooiid  firom  my  oonrciuent  souioe  pliccd 
nev  to  or  witfaiB  ffae  mootfapieoe  is  distinctly 
heard.  By  turning  the  nozzle  loitaids  N% 
in  the  direction  shown  by  the  dotted  line% 
one  limb  of  the  tube  is  kngdiened  whilst  the 
other  is  conespondingly  shortened  ;  the  path 
of  the  waves  being  now  nnrqnal,  a  point  is 
toon  irached  where  the  sound  is  nearly 
obliteiated. 

Employing  a  suitable  sooioe  of  sound,  and 
a  sensitive  flame  or  a  resonant  jar  as  a  phonoscope,  an  audience  can  perceive  at 
once  the  gradual  destruction  of  the  sonorous  pulses ;  and,  moreover,  the  rdative 
lengths  of  the  two  branches  of  the  mbe  clearly  indicate  the  priixaple  of  interfeienoe 
thus  illustrated. 

One  instrument  I  made  was  of  brass  tubing,  i  foot  in  diameter,  the  one  limb 
being  -^inch,  the  other  |-inch  mbe.  About  i8  inches  in  diameter  would 
probably  be  the  best  and  most  convenient  size.  With  an  ordinary  pitch-pipe 
inserted  at  M  the  experiment  is  very  striking.  A  continuous  blast  of  air  should 
be  driven  through  the  pipe  from  an  acoustic  bellows ;  and  the  loud  note  heard  at 
first  is  utterly  extinf^uished  by  altering  the  relative  lengths  of  the  tubes.  By 
pushing  the  tube  still  further  round  the  note  again  comes  out ;  thus  the  sound  of 
the  pitch-pipe  can  be  turned  on  and  off  at  pleasure.  In  this  case  it  is  probably^ 
the  interference  of  two  resonant  columns  of  air,  rather  than  the  coalescence  of  two 
progressive  waves  in  opposite  phases. 

E. 

The  principle  of  interference  first  advanced  by  Dr.  Young,  from  the  sound 
analogy,  did  more  than  anything  else  to  establish  the  undulatory  theory  of  light  r 
a  principle  which  Sir  John  Herschel  remarks,  "has  proved  the  key  of  all  the  more 
puzzling  and  abstruse  properties  of  light,  and  the  establishment  of  which  would 
alone  have  sufficed  to  place  Young  in  the  highest  rank  of  scientific  immortality." 

The  principle  explains  not  only  the  colours  of  thin  plates,  such  as  Newton's 
rings  and  the  colours  of  a  soap-bubbje  or  iridescent  scum,  but  also  the  more 
refined  and  complicated  phenomena  known  as  diffraction,  where  coloured  fringes 
are  seen  to  accompany  shadows  or  brilliant  spectra  to  be  produced  by  means  of 
fine  lines  or  scratches  ruled  closely  together.  It  is  curious,  however,  to  note  that 
Young  was  led  to  a  folse  analogy  in  the  case  of  the  colours  of  thin  plates ;  he 
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compares  them  10  Ihc  soundsofa  serin  of  oigin  pipe*.  Remarking  thai  inNcwton'i 
ringi  the  ome  colour  ncun  whenever  the  chicltnera  aiwwere  1q  the  lerim  of  »n 
arithmetical  ptogieuicn,  he  noici  "  thi*  ii  precisely  similar  to  the  production  of 
the  ume  sound  from  oi^n  ppes  which  are  diflirrent  multipln  of  the  same  length. 
Suj^ming  white  light  to  be  a  continued  impuUe  or  Sfeam  of  luminous  ether,  it 
may  be  cancelled  to  act  on  the  plates  ai  ■  bUit  of  air  cloa  on  the  organ  pipes,  and 
to  produce  vibradoni  regulated  in  frequenqr  by  the  length  of  the  line*  terminaled 
by  the  two  refracting  lurfices." 

From  the  phenomena  of  light  wc  pan  to  those  of  rodionl  \fal,  Ihc  identity  of 
which  with  light  ii  now  condoiivdy  established.  Since  the  period  of  Young  (he 
phenomena  of  interference,  double  refraction,  polariuiion,  etc.,  of  heal  my*  bare 
been  proved,  and  also  the  fact  that  iTanscalent  bodiei  ciercisc  a  special  leleetlTe 
abwrption  of  heat  rays  juM  si  coloured  bodies  do  of  luminoui  lays  i  ao  that  evciy 
lubsance  (ransmilting  rvliani  hot  has  in  own'heaMini'  u  it  were.  In  the 
Proceedings  of  (he  Royal  Initilution,  for  April,  1851,  there  is  the  report  of  an  ad- 
mirable lecture  by  Pnif.  Baden  Powell  on  the  >  Analogies  of  Light  and  Heat.' 

In  connection  with  thii  subject  the  ftdlowing  striking  pasnge  Imm  Dr.  Thoa. 
Young's  Lectures  on  NitunI  Philosophy  (Lecture  Jl),  wdl  be  read  with  InleieM, 
when  the  dale,  1806,  on  which  it  was  written  it  borne  in  mind: — 

"  If  heal,  when  altacheil  to  any  lubstaru:*.  be  supposed  to  consist  in  niinijK 
vibrations,  arul  when  propagated  from  one  body  to  another,  10  depend  on  the  undti- 
laiioni  of  a  medium  highly  elailic,  its  effccu  mult  strongly  reieroble  Ihoae  of 
aound,  since  nery  sounding  body  is  in  a  intc  of  vibration,  and  the  »r,  or  any 
other  medium,  which  irammla  sound,  conicyi  in  undulation  10  distant  pant 
by  mons  of  its  elasticity.  And  we  shall  find  that  the  principal  phenomena  of 
beat  may  actually  be  illuittaleil  by  a  comparison  with  those  of  sound.  The  ct- 
cilalion  of  heat  uid  sound  are  not  only  >i  mi  tar,  but  often  Identical;  as  in  the 
operations  of  (iiclmn  and  pcrcuBion  ;  they  ate  both  communicated  sometimes  by 
concact  and  tomelintcs  by  ladiaiion  1  for  besides  the  common  radiation  of  sound 
through  the  air,  its  eilixp  ate  communicated  by  contact,  when  the  end  of  a  tuning 
lurk  is  placed  on  a  ubie,  at  on  the  sounding  board  of  an  instnimenc,  which 
reodin  from  the  fork  an  impteHion  that  ia  aflerwards  propagated  as  a  distinct 
sound.  And  the  e&ct  of  radiant  heat,  in  raising  the  lemperaiuie  of  a  body  on 
which  it  (altt,  memble*  the  ^mpalhctic  agitBion  of  a  siting,  when  the  KHjnd  «f 
■nothci  suing  which  l>  in  unison  with  it  is  transmitted  to  it  through  the  aJr. 

"The  water,  which  is  dashed  about  by  the  vibrating  eiiremiiies  of  a  tuning  fork 
lUppet)  into  il,  nuy  represent  the  manner  in  which  the  patt<cla  al  the  lui&ce  of 
ft  liquid  are  thrown  out  of  the  teach  of  the  force  of  cohasion,  and  converted  into 
fapour;and  theeiiricalionof  heat,  inootiiequcnce  ofcondcnsaiion,  may  be  compated 
wiih  the  inaotseofiDund  produced  by  lightly  touching  a  long  coni  which  u  slowly 
vibrating,  or  revolving  in  such  a  manner  as  to  emu  little  or  no  audible  sound  ( 
while  the  diminution  of  Ileal,  by  cipaniion,  and  the  incicaie  of  the  capacity  of  ■ 


I 


464  LIGHT  AND  SOUND. 

jubilance  Ua  hat,  miiy  be  atliibuicd  to  the  grealcr  space  aflbrdcd  lo  each  puticle^ 
allowiTig  il  10  be  equaJly  agitated  with  a  less  perceptible  effect  an  the  neigh bourin|^ 
panicles.  In  some  casKi,  tadeed,  heat  and  lound  nol  only  resctnble  each  other  io 
their  opcnitionii  btii  produce  prcciKi)'  the  some  eSecu ;  Ihiu,  an  anificii]  maj 
the  ron:e  or  which  a  quickly  destroyed  by  heat,  is  affected  more  dowly 
similac  manner, when  made  to  ring  foi  a  comidenible  lime;  and  an  electrical  jar 
may  be  discharged,  cither  by  healing  it,  oi  by  causing  it  to  sound  by  the  frictko 
of  (he  finger." 

To  this  we  may  add  the  ^-i,  that  the  cotidix^tivity  of  bodies  for  sound  and  bcu 
luns  in  closely  parallel  lines.  In  the  case  of  wood,  sound  is  conducud  wicl) 
different  ^iliiy  in  three  diiections,  according  to  the  grain  of  the  wood.  Thu 
also  iiue  of  (he  rela(ive  conductivity  of  heal.  And  here  we  6nd  another  ndadon- 
ship  appearing.  The  conducting  power  of  bodies  for  rlectricilg  is  well-known  to 
be  veiy  similar  to  thdt  order  of  heat-conducting  power.  In  fact  the  aiulogj 
between  the  conductiviry  of  sound,  heat,  and  electricity,  is  nowhere  more 
strikingly  seen  than  in  their  rate  of  propagation  nlidvcly  lo  the  different  BKcs  isi 
wood  and  in  certain  crystals. 


May.  not  the  wider  range  in  the  or^ui  of  hearing  1i>tc  Itiscii  by  1910001  of 

evolution  ?  Among  the  euly  races  of  man  greater  advantage  would  be  afibrded  by 
the  quick  detection  of  various  sounds, — both  for  the  purpose  of  procuring  (bod 
and  preservation  from  attack, — than  would  accrue  from  an  increase  in  the  range  of 
colour  seruation.  If  the  livelihood  of  all  mankind  were  in  future  dependent  on 
painting  or  skill  in  spectrum  arudysis,  we  might  expect  to  find  a  slow  but  steady 
refinement  and  extension  of  our  range  of  vision  ;  the  growth  of  civilization  is 
doubdeis  effecting  the  (brmer. 


Id  (he  Phil.  Mag.  far  1848,  p.  iBi,  Britcke  painted  out  (hat  iToum  should  be 
added  to  the  colours  of  the  spectrum  as  complementary  to  the  tint  lavtndcr-gniy 
noticed  by  Hetschct  at  the  extreme  violet  end  of  the  spectrum. 

Sriicke  arrived  at  this  conclusion  fiom  the  bet,  that  when  thin  filnii  of 
selenile  are  viewed  by  polarized  light,  bmwn  is  noticed  to  succeed  colourtca  light, 
and  on  crossing  the  prisms  so  as  to  yield  the  complementary  colour  the  brown  a 
replaced  by  tavender-grey,  the  intensity  of  which  is  ptoportional  to  the  depth  of  (he 
lint  of  brown  previously  seen. 

H. 

Curiously  enough  this  numerical  relationship,  or  as  some  would  prefer  Id  ca0  it 
coincidence,  between  music  and  colour  has  been  examined  from  another  point  of 
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view.  In  a  paper  publUhed  k>  long  liiicc  w  1 845,  a  traiulalion  of  which  appeared 
in  '  Taylor's  Sdcnlific  Meraoiri,'  an  lulian  phyiicist,  Minolli,  toiuid  an  eiltaor- 
lUniijy  comspondcnce  between  the  railoi  of  the  wave-length  of  the  so-called 
Fiiunhofec'i  lino  In  the  spectrutn  and  the  wive-iengthi  of  the  notes  of  the  diuoDM: 
■catcor  gamut.  Mosoitl  lued  a  '  diffiaction  '  ipectium.  whemn  thecolouripiMi 
■re  stranged  according  to  their  wave-lengths,  and  to  the  Fiaunhofer  landmaiki  he 
iddcd  the  longest  and  shoitest  wave-lcngihi  al  the  two  cKrcmti  of  the  spectrum, 
and  iIm  the  wavc-lenph  of  the  brightest  or  central  prt  of  the  ipectrum.  Theie 
Huet  poinli,  added  to  the  fiiii!  Fraunhofiii  lines  B,  C,  D,  E,  F,  G,  H,  (bimed  a 
■  Kiiei  of  ten  wave-leTRthj,  which  he  thm  compared  with  the  note!  of  the 
diatonic  sale : — 
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The  fim  heriwatal  low  of  figure*  repicKnti  the  proponlonil  number  of  ribm- 
tioni  neoonry  to  produce  the  nola  ul  the  diatonic  icale,  the  nama  of  whtcb 
■ic  given  overhead.  The  numbcn  in  the  lecond  row  have  (he  amc  nikt 
ai  tliE  numbeit  in  the  fint,  and  ihc  dcnominatara  ol  these  fractioni  tepmaii  llw 
nliu  ol  the  wive-lcneths  ol  the  ropcc tive  noic*.  The  bottom  low  give*  lb* 
Icngthi  in  millionths  of  a  milliniclte  of  the  luminou<  wava  cctteipoading  to  tbt 
Fnunbofcr  lines  named  above  Ihcro,  and  alw  10  the  two  citrcmc*  or  daikcit  pun 
of  the  upectrum  rmrked  Ex.  Ex.  and  the  ceattal  or  hlgbot  portion  marked  Mid. 

It  »  cunoui  to  note  the  bit  agreemenl  between  these  figuttt.  But  after  all 
dlii  can  onlf  be  regarded  •*  a  teinciitnct  and  nothing  more.  In  (act  luch  a  coin* 
cidence.  where  no  pbj^cal  relatinnnhipt  cuiit,  fumi^et  a  warning  lu  ipeculative 
mindi.  Fof  >ince  MoMoid't  lime  the  wave-lcngtht  of  the  FiaunhoCei  lino  hive 
been  delerraincd  with  Git  gnatci  piccition  b;  Ang>ti6m,  and  the  tollowinc 
numben  ihow  the  cormnioni  necraiaiy :  the  coincidence  now  nculf  dlappai% 
but  anothei  itaiti  up,  K  wc  ake  ibc  line  A  at  100,  and  compare  the  mio*  of  (ht  J 
Mhct  Una  with  the  iitio  of  the  wavc-lcngthi  of  the  notes  in  the  ordinary  -I'Btnlit  ' 
Kale  or  gamuL 
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Wat'e-iefigth%  of  the  Prineipal  Fraunkofer  lines  according  ta 
Angstrom. 

Wtm^tBgii'  in  H.ili^i.i.. 
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1. 

In  ■Nanrc,'  fin  Janinrf  13,  1870, 1  drew  anention  10  ihc  amli^  in  (he  ira*c- 
Icngthi  in  the  spcdnim  and  the  gamut,  and  though  Lisling's  fi^ta  wen  the  buk 
of  mj  obiervalians,  I  had  not  ai  Che  ume  md  his  pipei  and  was  ibcrdiirc  iinawuE 
of  his  concliuions  which  are  suinniansed  in  the  Isller  (Sn  of  this  lecture.  Tlie 
ippeanncc  of  my  note  in  '  Nature.'  led  10  Kien)  imereating  ktien  In  thai  journal 
on  the  general  question  of  the  anally  of  colour  and  music,  and  the  argutnents  on 
both  sides  of  diis  oft-disputed  subject  will  be  (bund  abl)'  discuoed  in  (hat 
valuable  perioditai  lor  Ihc  fini  half  of  the  year  iB;o.  Mr.  James  Stuail's 
letter  (which  brought  Mosoni's  obsenarions  under  my  notice)  in  *  Nature '  for 
Februaij,  i87o,and  Mr  Sedley  Taylor's  letter  in  the  following  number  are  espeoaH)' 
worthy  of  careful  perusal.  Mr.  Sedley  Taylor  points  out  thai  whereas  to  get  a 
gnod  concord  ciacl  tuning  is  requisite — the  Itast  derialion  fmm  the  nghl  pitch 
being  sufficieni  to  turn  a  concord  into  a  discord — 10  obtain  harmonious  colour- 
inteiralj  considerable  latitude  is  possible,  any  part  of  one  colour-division  producing 
an  equally  pleasant  or  disagreeable  etTect  on  the  eye,  when  corppred  with  any  part 
of  another  colour-diviaon.  That  is  to  say,  there  is  no  range  of  wave-length 
ponible  in  muiicsl  concords,  whereas  there  is  considerable  lange  of  wave-lengUt 
possible  in  eolnur-conconk.  Mr.  Taylor  thereupon  shows  that  if  instead  of  taking 
the  central  part  of  each  band  of  colour  (i.e.,  its  mean  wave-length),  as  is  done  bjp 
Prolessor  Listing  in  the  table  quoted  on  p.  454.  we  take  into  oonsidenlion  the 
limits  of  each  colour,  that  is  to  say.  the  whale  range  of  the  colour-space  in  ibc 
spectrum,  and  compare  the  result  with  Ihc  cotrespondlng  positions  on  the  gunui, 
it  will  be  (bund  that  each  colour  on  the  whole  corresponds  to  very  discordant 
interval)  in  the  scale  of  pitch ;  and  that  only  at  one  point  (i.e.,  one  wave-length)  in 
each  colour  band  does  it  answer  to  a  concord  in  music.  Mr,  Sedley  T^lor, 
therefore,  rejects  the  idea  of  anj^real  analogy,  and  believe 
simply  numerical  coincidences. 
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To  tuch  ui  auihorily  u  Mi.  Scdlcy  TiJ-lor,  1  lltten  with  pleuurc  and  ropect, 
tiul  though  1  tuvc  no  wiih,  nor  ability,  to  be  •  ijiedal  pleader  on  behalf  of  Ihii 
subject,  ii  Kcnu  ID  me  ihc  analogy  cannot  be  fpit  lid  of  quite  so  readily  ax  M>. 
Taylof  suggcatx.  Ai  we  depail  from  any  one  |K>lnt  in  each  colouF-ipace  of  the 
tpectrum,  a  icDsibli:  difference  in  tint  ensue),  and  though  the  whole  ipectnim 
tormi  a  lovely  giadalian  of  colotu,  yet  il  wc  tcrnotc  and  juitaposc  the  two  eilicme 
linls  of  any  one  colDiir-»p«t,  the  dl<«  on  the  eye  \%  eittemely  un|ileuant.  Take, 
for  example  the  fini  inilance  in  ihc  (able  gi>cn  by  Mr.  Sedley  Tiylni,  ai  opposed 
ID  [he  analogy,  one  limit  of  the  red  would  corropond  lo  the  note  B,  tbe  other 
limit  lo  the  nole  C,  (taking  Ihe  central  red  ai  C).  But  dark  icd  and  onoge 
red  ate  ai  unpieuani  colour- mtervili  as  the  noto  B  and  C  ar«  diAmaol 
fnuiical  intrrtali,  and  u  on  with  cvciy  colout-rpoM.  In  tact,  juit  u  Helmholu 
tai  ihown — ^in  the  diagram  whereby  Mr.  Taykii  drmoliihet  the  analogy — that  the 
•oundi  which  pioduce  the  most  discordant  dreca  wilh  the  key-note  he  in  ibc 
immediate  neighbourhood  of  the  uoiion,  octave  and  fifth,  >a  loo  Ihe  tinti  which 
«re  mo((  dingiccablc  tu  juitapate  with  (he  key-note,  uy  the  coleui  red,  lie  in  the 
bnmcdiaie  ticighbouihood  of  the  uniMm,  ted ;  the  cKiave,  lavendci  t  and  the  fifth, 
blue.  Moreover,  wc  mlul  bar  in  mind  that  the  eu  it  *  Ikr  more  delicale  Iruttii- 
mcnt  for  the  detection  of  intcivaU  depending  on  periodic  lime  than  the  eye,  and 
we  ihouhl  theiefoiE  capect  a  moie  lublle  appreciation  of  (ucb  intervali  by  one 
organ  than  the  other.  The  great  ditfiiTcoce  thai  eiiiti  in  thii  anabigy  i>,  u 
nmaiked  in  the  lecture,  that  in  the  oue  of  miuical  concoidi  we  air  dealing  with 
■  roullant  sound,  hut  which  the  ax,  as  Hdroholla  hat  shown,  analyx*  into  iti 
muliluentii  and  in  the  caac  of  culour-concordt  vrc  an  dealing  with  blended  or 
jtuupowd  lighii.  But  if  the  eye  weie  u  highly  mined  ai  the  eu,  ii  it  poM- 
Ik  that  in  analytit  ol  a  c^jmpound  onlour  would  be  effected  by  Ihe  appen- 
of  the  nlina  ai  readily  ai  Ihe  analyiit  of  a  compound  tunc  is  af!in;ltd  by  the 
the  auditory  nerve.  Broadly  viewed,  there  appaii  to  be  enou^ 
fencnl  agreement  anumg  ilic  facu  lo  justify  indulgence  In  tpeculatiun  on  ihia 
Mulogy,  and  at  ihe  mtas  time  not  (uffldcnl  euaitude  to  allow  of  any  dogtoiti- 
Jang  on  the  subject. 

In  addition  lo  what  has  been  brought  tbrwatd,  there  are  Kmw  valuable  rcmarka 
>«o  the  analogy  in  one  of  Dr.  Tbonuu  Young's  memoin,  '  Phitowphica]  Trannc- 
Chetieul's  work  on  ihe  '  Principles  of  Raimony  of  Colour '  i  in 
a  bnjchuK  by  Dr.  MaoloiuM  on '  Sound  and  Colour,' ;  and,  lastly  and  chiefly  In 
f  19  ol  Hdmholu's  <  Physiological  Optic*,'  In  this  last,  a  list  ii  given  of 
aulhuiilic*  who  have  wnltcn  on  the  subject  since  the  lime  ol  Newton. 


K 
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toiti.  An  m^icHU  imngemtni,  made  by  Sir  Chirto  \ 
on  Ihe  lecture  table  ;  also  a  limpie  device  made  by  ihe  Icclurei 
fb(  pitcei  of  neel  itaerxA  at  right  an^ca  lo  each  other,  fixed  in  a  cice  a!  Ihe  lower 
end  and  t»i(h  a  head  (astcned  to  the  upper  end,  after  the  miDnet  of  the  kaleido- 
phone,  flm  the  mo*I  beautiful  and  cBtctive  unngcment  'a  that  derued  bjr  Ml. 
Pichler,  who  uss  two  hirmonium  rredi  with  ntirron  attached.  Mr.  Pichlrr's 
iaurumcnt  WBS  eihibitcd  in  the  Loan  Colleclion,  and  he  most  kindly  took 
comiderable  iioublc  to  ihow  it  in  (he  foregoing  lecture. 


The  tendency  of  motion  i>  to  a.«umE  a  rhythmic  character,  whether  the  raoikni 
be  one  of  maaaei  or  of  molecule*.  The  shock  which  any  body  receives  after  the 
Initial  diiturbancc  has  suhiided  giro  a  final  reiultuil  motion  which  is  both 
vibratory  and  isochroaoui.  The  raluea  of  the  periodic  times  of  the  different  types 
of  vibration  arc  given,  as  PruAsrsor  Cterk  Maxwell  remarks  in  his  article  on '  Atoms,* 
In  the  9lh  edition  of  the  '  Encyclopedia  Bntannici,'  by  the  nuti  of  a  certain 
equation,  the  form  of  which  dependi  on  the  nature  of  the  connectioni  of  the 
■yatem.  "  tn  ceniin  exceptionally  simple  cases,  as,  for  instance,  in  that  of  a 
uniform  string  nrtlchcd  between  two  fined  points,  the  roots  of  the  equation  are 
connected  by  simple  aiithmetical  relations,  and  if  the  interna!  structure  of  ■ 
molecule  had  an  uu]o|ou;  kind  of  simplicity,  we  might  export  to  find  in  the 
spectrum  of  the  molecule  a  series  of  bright  lines,  whose  wave-lengths  are  in  simple 
arithmetical  ratios.  But  if  we  suppose  the  molecule  to  be  constituted  according  to 
some  different  type,  as,  fat  insmncE,  if  it  is  an  elastic  sphere,  or  if  it  consists  of  a 
Rnlte  number  of  atoms  kept  in  their  pluces  by  attiactive  and  repulsive  forces,  the 
tools  of  the  equation  wilt  not  be  in  connection  with  each  other  by  any  simple 
rclitions,  but  each  may  be  made  to  vary  independently  of  Ihe  others  by  a  suitable 
change  of  the  connections  of  the  system.  Hence  we  have  no  right  to  eipea  any 
definite  numerical  rdationi  among  the  wave-lengths  of  Ihe  biighl  lines  of  I  gai." 

Notwithstanding  the  conclusion  thus  arrived  at,  Mr.  G.  Johnstone  Stoney,  in  cori- 
junction  with  Professor  Emerson  Reynolds,  published  in  the  Phil.  Mag.  so  kmg 
since  as  April  and  July,  1871,  two  profound  papers,  less  known  than  rtieir 
importance  deserves,  wherein  "  deRnite  numerical  relations  among  the  watr. 
lengths  of  ihf  bright  lines  of  at  least  two  gases  "  were  found  by  experiment  and 
mathematically  dlscuncd.  The  two  gases  were  Chlorochromic- Anhydride  ntd 
Hydrogen.  In  a  recent  lettei  to  the  present  writer.  Mr.  Stoney  gives  the  following 
Interesting  abstract  of  the  papers  rcfened  to. 

"  In  the  Absorption  Spectrum  of  Chlorochromic -An  hydride,  we  observed  105 
lines,  of  which  we  measured  31,  all  harmonica  of  a  fundamental  motion  in  the  gas 
whose  peiiodic  time  is  -      with  a  piobablc  error  of  about  ^^  of  this  value,    tu 
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fliij.  T  is  the  time  light   takn  to  arinfMX  onf  millimrtfe  ii 
MS.ooo.oao.oDn  "'  *  stcond,    Tlierefoit  (he   (irriodlc   i 
Kpatol  in  each  molecule  ralliri  more  than  Sco  thouandi  of  millioni  of  tiiTMi  in 
dch  iccQnd.    The  obMrved  hannonia  wccc  (lom  the  (SiSih  ro  (he  7]}rd  of  ihli 


4*9 
It  is  there- 
1   ihe  gu   it 


B  of  the  sueceuive  haimonin  were  indioucd  br  the  Hiaigth  of  die 
lina  in  (he  tpcctruro  which  give  in  diflcreni  parts  the  following  paitemi  (im 
figure).     Now  thoe  ]i*lien»  would  ill  ptcicnt  Ibefntelvei  In  diitcrent  paiti  of  the   I 
wrics  of  humonin,  if  (he  liiniUincnul  motion  obeyed  the  lutu  Uw  ai  (hit  of  t  il 
point  of*  violin  Kting  lUui'k  netulybut  not  quiti  jths  of  the  length  from  one  tx 
The  toembUnoe  goo  atraiitdinirilf  (ar :  however,  it  is  not  i  ok  of  lilenti^  foe 
the  atif  in  which  ihne  patterns  succeed  one  anoihei  is  different  in  the  Chloro- 
ch  ram  if -Anhydride  fiom  what  i(  is  in  (h£  violin  string. 

"The  Uw  ormolinn  it  Ihercfiirc  in  tome  way  related  to  thai  of  the  aforenld 
point  on  ■  violin  ttring,  but  not  identloU  with  it 

"  In  Hydrogen  there  are  four  lines  within  the  vmhlc  Spectiuro,  C,  P,  1  line  ncK 
G  which  may  be  calletl  G',  and  h.  Ol  thcK  C  F  and  h  art  the  lolh,  iTth.  and 
jind  of  the  leriea  {ye.  the  19th,  lilh,  and  31M  harmunio)  of  «  roolion  with 
a  periodic  time  of  -^-  the  outstanding  probable  error  being  eicenlKlj  imaD. 
Thit  fuadomenlal  motion  ii  theicfbra  repealed  rather  more  (ban  11  milLoM  of 
mdlioni  ol  times  each  second  in  the  molecule*  of  the  gas. 

"  Now  if  two  tubes,  FcKmbling  two  organ  pipni  elmed  *i  one  end  were  placed 
with  their  mouths  c1>»c  together  and  (he  columns  ol  aii  set  vibnuing,  (he  com- 
pound lystem  would  cmi(  ceit^  hatmonics  only,  iht  tax  being  ttifled  by 
interference. 
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**  If  the  tubes  were  respectively  '424  and  '576  of  the  total  length,  the  harmonics 
which  would  be  strongest  among  those  corresponding  to  the  limits  of  the  visible 
spectrum,  would  be  precisely  the  20th,  the  27th,  and  the  32nd  of  the  series,  the 
three  that  present  themselves  in  the  Hydrogen  spectrum.  The  foregoing 
observations  appear  to  warrant  the  conclusion  that  there  are  motions  within  the 
molecules  of  the  two  gases  experimented  on,  which  furnish  either  true  harmonics, 
like  .those  of  strings  and  columns  of  air  in  musical  instruments,  or  else  motions 
which  so  closely  approximate  to  being  harmonics  as  to  be  undistinguishable  from 
them,  like  the  transverse  vibrations  of  a  free  thin  elastic  bar." 


THE    POLARISATION    OF  LIGHT. 
Bv  W.  Spottiswoode,  Esij.,  F.R.S, 


August  list,  1876. 

P.  CuNLiFFE  Owen,  Esq.,  C.B„  in  the  Chair. 
LThe  Chairman  :  Ladies  and  Gentlemen,— I  have  very  great 
k  pleasure  m  introducing  to  you  to-night  Mr.  ^^'illiam  Spottis- 
l  woode,  who  has  been  kind  enough  to  offer  to  deliver  a  lecture 
I, with  experimental  illustrations  upon  polarised  light.  Mr. 
I  William  Spottiswoode  is  well-known  to  all  of  us  here,  and  be  is 
[■  especially  known  to  the  officers  of  the  Department  of  Science  and 
I  .Art  for  the  very  active  part  he  has  taken  in  the  promotion  of  the 
[.  Science  Loan  Exhibition. 

Mk.  Wm.  Spottiswoode  ;  Ladies  and  Gentlemen, — In  address- 
I  iDg  the  Science  students  of  this  Department  some  few  weeks  ago, 
\  I  explained  to  the  best  of  my  ability  the  nature  and  processes  of 
t  modification  which  light  occasionally  undergoes,  and  which 
[  is  known  by  the  somewhat  technical  term  of  polarisation.  I  also 
F  described  the  instrumental  means  whereby  liglil  is  brought  into 
I  that  condition,  the  processes  whereby  it  is  examined,  and  the 
k  consequences  which  that  examination  unfolded.  At  that  time  I 
I  dwelt  mote  particularly  upon  the  experiments  which  might  be  pei- 
I  formed  with  little,  or  at  all  events,  with  the  very  simplest  apparatus, 
[  such  in  fact  as  would  be  within  the  reach  of  almost  every  ow, 
I .  Juid  indeed  might  be  constructed  by  any  one  of  those  here  present. 
I  On  the  present  occasion  1  propose  rather  to  draw  your  attention  to 
fthe  more  striking  experiments  which  are  capable  of  being 
J  performed  by  the  larger  and  more  powerful  apparatus  which 
B«  fortunately  is  at  our  conunand  this  evening.  On  the  former 
I  occasion  I  had  recourse  to  theoretical  considerations  based 
Lmainly  upon  what  is  called  the  "wave  tlieory  ofliglit"  for  ex- 
I-  plaining  the  phenomena  in  question.     This  evening,  on  the  other 
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band,  I  propose  to  rely  mainly  if  not  wholly  upon  expcrimCDtal 
facts ;  and  in  so  doing  I  shall  endeavour  to  dispose  our  ex- 
periments so  that  they  may  bear  in  an  intelligent  way  one  upon 
another,  for  I  assume  that  you  would  not  be  satisfied  with  a  mere 
display  of  phenomena  without  any  explanation  of  what  we  see. 
In  reference  to  the  apparatus  itself  !  may  mention,  not  in  any  way 
as  glorifying  your  lecturer,  but  as  adding  interest  to  the  words  I 
may  offer,  thai  the  apparatus  with  which  we  shall  operate  to- 
night is  unique  in  size  and  in  perfection  of  every  kind.  The  con- 
struction of  this  apparatus  has  been  a  business  of  some  years,  and 
has  depended  upon  my  good  fortune  in  having  access  not  only 
to  the  scientific  resources  of  this  and  neighbouring  countries,  but 
also  to  several  shipments  of  a  peculiar  kind  of  crystal  with  which 
we  shall  mainly  experiment,  direct  from  that  remote  part  of 
Europe  called  Iceland.  It  was  only  by  having  access  at 
hand  to  those  sources  of  materia!  that  it  has  been  possible  to 
construct  the  instruments  in  question  ;  at  the  same  time  the 
result  has  been  due  not  only  to  this  abundant  source  of  material, 
but  also  to  the  intelligence  and  skill  of  a  variety  of  constructors 
of  scientific  apparatus  br>th  in  this  countrj-  and  elsewhere,  to  whom 
I  take  this  opportunity  of  returning  my  very  best  thanks. 

Not  to  spend  our  time  in  talking  of  mere  generalities,  we  had 
better  turn  at  once  to  our  experiments,  and  the  first  point  to  which  1 
draw  your  attention  is  the  effect  of  crystals  upon  light — that 
fact,  will  be  the  general  purport  and  upshot  of  our  lecture  this 
evening.  Now  there  are  various  ways  in  which  the  phenomena 
with  which  we  are  concerned  to-night  may  be  produced,  but  the 
method  which  we  shall  here  use  is  that  of  passing  light  through 
crystals.  We  have  here  two  electric  lamps  which  I  will  use 
alternately.  \\'e  will  allow  a  beam  of  light  to  fall  on  the  sc 
opposite  and  I  will  interpose  in  the  path  of  that  beam  some 
plates  of  crystal.  We  will  begin  with  two  plates  of  a  crystal 
called  tourmaline,  a  very  fine  specimen  of  which  I  hold  in  Xfvf 
hand,  and  the  object  of  this  experiment  «ill  be  to  see  whedier 
or  not  the  effect  of  these  crystal  plates  is  the  same  as  that  of 
ordinary  glass  or  other  transparent  media.  On  interposing  oi 
these  plntes  you  will  see  there  is  an  object,  a  transparent  medium 
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aplate  of  something  between  the  lamp  and  the  screen.  If  that  plate 
be  mmwi  round  like  a  wheel  in  its  own  plane,  no  particular 
effect  is  produced.  You  will  see  by  the  form  of  the  image  when 
it  is  turned  round,  but  no  particular  effect  is  produced,  ^Ve  will 
now  interpose  another  plate  of  the  same  cryslaL  The  result  is 
somewhat  darker  in  colour  than  at  first,  but  of  that  colour  you 
will  please  on  this  occasion  lake  no  particular  account.  The  plates 
are  tingeing  the  light  in  the  same  way  as  a  plate  of  brown  or  yel- 
low glass  would  tinge  it.  If  we  turn  them  both  together  round 
in  the  way  in  which  we  saw  that  plate  turned  round  just  now,  no 
effect  will  be  produced,  but  wc  will  now  turn  the  first  plate  of 
crystal  round,  the  second  remaining  fixed,  and  I  beg  you  to 
notice  what  happens.  As  it  turns  round,  the  light  begins  to  fade ; 
and  when  it  arrives  at  the  position  which  it  has  now  reached, 
viz.  at  right  angles  to  its  initial  position,  the  light  is  absolutely 
obliterated.  We  will  now  turn  it  further  round  and  you  will  see 
the  light  is  gradually  restored  ;  and  when  it  is  turned  round  again 
away  from  the  point  of  extinction,  the  light  will  be  as  bright  as 
before  ;  then  if  it  is  turned  round  so  as  to  be  at  right  angles,  you 
will  see  the  light  is  obliterated  again,  and  so  we  might  go  on 
turning  it  round  at  a  series  of  right  angles.  When  it  is  in  the  one 
position,  the  light  passes  freely  through  it ;  when  it  is  at  right  angles 
the  light  is  extinguished,  and  when  it  is  turned  round  through  a 
succession  of  right  angles,  the  light  is  alternately  transmitlcd  and 
cxtinguisbed.  So  far  then  you  see  the  first  effect  of  crystals  upon 
light  ;  and  the  condition  in  which  the  light  is  found  to  be  after 
passing  through  that  first  crystal  is  called  "polarised."  The 
term  is  not  one  which  conveys  its  own  meaning  very  clearly;  but, 
as  you  have  seen,  ii  means  that  the  light  has  a  |>cculiarity  in  some 
particular  direction  across  it ;  and  this  directional  character  sug- 
gested the  idea  of  a  magnetic  needle  or  an  electric  current  or  any- 
thing which  has  reference  to  a  particular  direction — commonly 
known  by  the  name  of  polar,— that  is  the  origin  of  the  term. 
It  is  perhaps  not  the  most  expressive  one  which  might  have 
been  selected,  but   it  is  too   late  in    the   world's    history   to 

Iduinge  it. 
r  I  now  go  to  another  phenomenon.    1*hese  two  at  first  appear 


'  474  THE  POLARISATION  OF  LIGHT. 

isolated,  bill  you  will  find  that  they  bear  on  each  other.  I  lake 
DOW  a  piece  of  crystal  of  a  diffCTcnt  kind,  viz.,  IceUod  spar,  that 
of  which  I  was  speaking  just  now,  to  a  cugo  of  which  I  bad 
the  good  fortune  to  have  access  on  its  arrival  direct  from. 
Iceland.  What  we  now  find  is  that  when  we  interpose  a  blod. 
of  this  Iceland  spar  in  the  path  of  the  beam,  we  have  another 
very  striking  effect  produced  quite  different  from  that  which 
would  be  produced  if  it  had  been  a  piece  of  glass.  Vou  win 
notice  both  now  and  hereafter  when  the  light  passes  through 
it,  that  the  spar  is  perfectly  clear  and  transparent.  The  block 
is  in  the  natural  form  of  the  crystal  except  that  the  tno  blunt 
angles  are  cut  off  in  order  to  transmit  the  light  more  easily 
in  that  particular  direction.  We  wiU  now  interpose  it  in  the  path 
of  the  beam  of  light,  and  when  it  is  in  that  particular  direction, 
viz.,  a  direction  joining  those  two  blunt  angles  which  have  been 
cut  off,  and  perpendicular  to  the  two  faces  which  are  left,  no 
particular  effect  is  produced ;  but  the  moment  the  crystal  is 
tumud  out  of  that  particular  position  so  that  the  ray  of  light 
passes  not  in  that  direction,  but  in  some  other  different  from  the 
first,  you  will  see  two  images  produced  on  the  screen  bstead  of 
one ;  and  the  divergence  or  the  extent  to  which  one  seeras  to 
slide  over  the  otlier  is  increased  with  the  angle  at  which  the  spar 
is  turned  from  its  original  direction.  We  will  turn  it  still  further, 
and  you  will  see  that  the  separation  continues.  So  that  we  have 
this  second  feature  of  crystals.  1  have  taken  two  different 
crystals,  because  one  kind  is  more  effective  in  one  particular 
kind  and  the  other  in  the  other  particular  kind  of  phenomenon, 
but  they  both  produce  the  same  phenomenon  though  not  in  the 
same  degree.  I  will  now  take  another  block  of  Iceland  spar  cut 
in  another  manner.  It  is  subsiantially  the  same  as  the  piece 
of  spar  you  have  seen  before,  but  it  is  cut  differently  in  order 
to  produce  the  greatest  possible  divergence  of  the  rays  and 
the  greatest  possible  separation  of  the  two  images  throwa 
on  the  screen  ;  the  phenomenon  is,  however,  identically  the  same 
in  principle  as  that  you  have  just  seen.  You  see  now  that  block 
of  spar  which  is  perfectly  colourless  and  transparent,  and  otherwise 
imdistinguishable  by  the  eye  from  either  ordinary  glass  or  other 
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crystalline  media,  will  produce  this  remarkable  effect  on  the  rays 
of  light.  Not  only  will  the  two  beams  of  light  which  go  to  form 
those  iranges  be  separated,  but  every  ray  which  goes  to  form  each 
of  those  beams  of  light  is  separated,  and  therefore  every  ray  of 
light  which  passes  through  that  crystal  is  separated  into  two.  and 
the  divergence  or  separation  is  greatest  the  greater  the  turning  of 
the  crystal  from  the  direction  in  which  no  separation  takes  place. 
There  is  in  the  crystal  one  direction,  and  one  only,  namely  that 
shown  above,  in  which  no  separation  takes  place,  but  the 
separation  begins  and  increases  as  you  turn  the  crystal  round 
from  that  direction  and  is  greatest  when  you  have  reached  the 
right  angle.  This  separation  is  called  double  refraction ;  that 
is  to  say,  the  bending  which  rays  of  light  undergo  in  passing  from 
one  medium  to  the  other,  from  air  to  glass,  or  from  air  lo  water,  or 
vice  vend,  is  called  refraction,  and  double  refraction  is  that  bending 
which  rays  undergo  when  each  of  the  rays  is  divided  into  two. 

Now  the  two  phenomena,  exhibited  by  the  tourmaline  and 
the  Iceland  spar  respectively,  which  are  really  very  distinct 
from  one  another,  have  a  connection  which  wc  will  bring  to  the 
surface  immediately.  If  we  now  interpose  in  the  path  of  these 
two  beams  of  light  our  tourmaline  crystal,  you  will  see  that 
the  light  will  be  tinged  with  brown  as  before,  but,  as  1  aaiJ  above, 
that  is  not  to  enter  into  our  consideration  at  present.  On  inter- 
posing the  piece  of  tourmaline,  you  see  that  one  of  those  rays 
is  entirely  obliterated  while  the  other  is  transmitted.  Wc  now 
turn  the  crystal  round,  and  >'ou  will  see  they  change  character ; 
and  as  one  of  them  was  dark  and  the  other  was  light,  so,  as  the 
crystal  is  turned  roimd.  that  which  was  dark  before  becomes  light, 
and  that  which  was  light  before  becomes  dark  ;  that  is  to  say,  that 
this  plate  of  tourmaline  transmits  the  rays  of  one  image  and 
extinguishes  those  of  the  other  when  the  cryital  is  in  one 
direction,  and  it  transmits  the  rays  of  the  second  and  extinguishes 
those  of  the  first  when  it  is  turned  at  right  angles.  We  will  turn  it 
round  once  more.  In  that  position  the  tourmaline  exduilcs  the  one 
image,  and  you  see  now  that  the  image  which  was  bright  has 
become  dark,  and  that  that  which  was  dark  has  become  bright.  So 
^Ltlut  from  this  we  may  conclude  that  not  only  does  Iceland  spar 
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divide  or  doubly  refract  every  ray  which  passes  through  it,  but 
that  each  of  those  rays  is  polarised  in  the  same  way  as  was  the  r 
which  passed  through  the  tourmalim;  itself,  and  abo  that  the  poUri 
satioii,  whatever  that  oiay  mean,  is  in  one  direction  in  one  imag^ 
and  in  a  direction  at  right  angles  to  it  in  the  second  image  ;  that 
is  to  say,  if  we  examine  or,  as  it  is  technically  called,  "  analyse  " 
the  hght  after  it  has  passed  through  the  block  of  Iceland  spar,  by  ■ 
piece  of  tourmaline,  we  find  that  whatever  effect  is  produced  upon 
one  image  in  one  direction  is  produced  in  the  other  image  i 
direction  at  right  angles  to  the  first.  The  light  of  one  set  of  rays 
is  said  to  be  polarised  in  one  direction  and  that  of  the  other  in  a 
direction  at  right  angles  to  it.  So  that  if  you  suppose  that  the  rays  a 
light  which  fall  on  one  image  had  some  peculiarity  in  a  verticai 
plane,  the  rays  in  the  other  image  would  have  a  similar  peculiarity  in 
a  horizontal  plane  ;  consequently  as  the  crystals  are  turned  round, 
the  directions  in  which  those  peculiarities  lie  axe  similarly  turned 
round,  and  that  which  was  horizontal  becomes  vertical  and  cmk 
versH. 

There  is  one  other  very  important  fact  relating  to  these  twp' 
rays  which  we  shall  be  able  to  bring  out  by  another  piece  of  Ice- 
land spar.  1  have  here  a  sphere  of  that  substance,  probably  th«' 
largest  and  purest  in  existence.  If  this  were  a  sphere  of  glass  it, 
would  simply  act  like  a  bulls-eye  lens  on  the  lantern,  and  produce. 
an  enlarged  image  of  the  aperture  on  the  screen,  but  you  will  not 
be  surprised  if  when  you  look  at  the  image  transmitted  through 
and  magnified  by  this  sphere  of  crystal,  we  shall  find  two  images 
on  the  screen  instead  of  one.  Now  what  I  waot  to  prove  is  that 
of  the  two  sets  of  rays  which  pass  through  crystal  and  notably 
through  the  Iceland  spar  (but  it  is  the  same  through  all  crystals), 
one  moves  faster  than  the  other.  Now  considering  the  ex- 
treme velocity  with  which  light  passes  through  air,  glass,  crystal, 
water,  or  anything  else,  viz.,  at  the  rale  of  some  190,000  miles  per 
second,  you  will  perhaps  think  it  is  a  somewhat  bold  assertion  for 
me  to  say  that  I  hope  to  show  you  visibly  that  one  of  them  moves 
faster  than  the  other;  but  so  in  fact  it  is;  and  if  you  reflect  far  a 
moment,  I  think  you  will  agree  with  me  that  the  proof  is  possible. 
If  we  have  two  bodies  moving  with  different  velocities  through 
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the  same  medium,  tbaC  which  moves  the  fastest  is  less  diverted  from 

mrse  by  the  resistance  of  that  medium  than  is  tlie  one  moving 

slower,    ir,  for  instance,  two  balls  be  thrown  into  the  air,  one  with 

I  greater  and  the  other  with  less  velocity,  we  find  tlie  resistance  of  the 

\  air  acting  more  powerfully  upon  the  slow  one  than  upon  the  fast  one. 

1  So  likewise  if  we  vary  the  etpcrimeot  in  any  way,  we  find  the  resist- 

I  ance  of  the  medium  to  the  moving  body  has  more  effect  on  the 

\  slower  one  than  on  the  faster  one.     Now  if  we  sec  on  the  screen 

two  images,  one  laiger  than  the  other,  what  does  that  mean? 

[  It  means  that  the  rays  forming  the  larger  image  have  been  more 

I  diverted  from  their  course,  brought  to  a  focus,  and  spread  out 

'  1  more  than  those  forming  the  smaller  image ;  because  those 

I   forming  the  larger  image  are  more  oblique  than  those  forming  the 

I   smallerbne.  Vou  see  one  lies  within  the  other;  so  that  one  is  smaller 

than  the  other.   Thus  we  may  fairly  say  that  those  rays  which  form 

the  larger  image  have  been  more  diverted  from  their  course  in  passing 

through  the  same  crystal  than  those  forming  the  smaller  image ;  in 

Otherwords,  that  one  set  of  rays  has  moved  slower  through  the  crystal 

than  has  the  other  set  of  rays.  We  will  now  allow  the  rays  of  tight  to 

pass  through  this  liall  of  crystal  and  see  what  happens.   There  are 

two  images  formed  ;  by  turning  them  round  one  is  spread  over  the 

contour  of  the  other  and  is  dearly  larger.     We  may  therefore 

fairly  conclude  that  the  rays  from  this  larger  image  have  moved 

slower  through   the  crystal  than  ^ose  which  form  the  smaller 

image. 

We  have  now  therefore  established  three  distinct  principles : 
one,  that  crystals  have  the  effect  of  giving  a  certain  directional 
character  to  a  ray  of  light,  directional,  1  mean,  across  the  ray  ; 
secondly,  that  they  divide  the  rays  into  two ;  and,  thirdly,  that 
each  of  those  branch  rays  have  that  particular  character ;  but  in 
whatsoever  direction  be  that  character  develoi>ed  in  one  tay,  then 
it  is  at  right  angles  to  it  in  the  other  1  spoke  just  now  of  one  being 
vertical  and  die  other  horizontal,  but  that  is  i[uite  immaterial, 
because  one  may  be  obbque  and  the  other  may  be  oblique,  but 
whatever  may  be  the  direction  of  ihc  one  the  cither  is  at  right 
angles  to  it ;  so  that  if  1  turn  the  crystal  round,  those  rays  wjU 
have  their  directional  character  turned  round  with  the  aystal ; 
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the  rectangular  relation  in  the  two  rays  is  however  always  pre- 
served. We  will  just  interpose  that  analysing  or  examining  plate 
of  tourmaline  and  we  shall  see  the  effect  on  the  screen.  The 
effect  is  here  rather  complex,  and  I  think  in  fact  it  would  be  better 
to  turn  the  crystal  round  out  of  its  present  condition  so  as  to 
reach  go°.  You  see  that  one  of  these  images  is  extinguished  by 
this  position  of  the  tourmaline;  and  now  if  the  piece  of  tourmaline  is 
turned  to  90°  or  at  right  angles,  the  other  image  is  extinguished ;  so 
that  we  here  recognise  our  old  features  of  the  two  sets  of  rays  or 
beams ;  and  it  is  the  same  whether  it  is  for.iied  by  a  block  of 
crystal,  by  a  plate  of  crystal,  or  by  a  sphere  of  crystal.  The 
difference  of  velocity  between  those  two  sets  of  rays  is  called  the 
retardation  of  one  set  of  rays  over  the  other. 

These  are  the  three  principles  which  are  involved  in  the 
phenomena  of  the  polarisation  of  light.  They  are  a  little  trouble* 
some  and  a  little  difficult,  but  there  they  are  ;  and  you  have  seen 
at  all  events  the  evidence  for  them.  I  do  not  hope,  or  ask  yoa 
to  carry  away  in  your  minds  an  excessive  quantity  of  what  you 
have  heard  and  seen  to-night,  but  1  hope  when  you  come  lo  study 
the  subject,  and  perhaps  experiment  for  yourselves,  you  will  be 
able  to  remember  these  three  illustrative  experiments  which  I  have 
bad  the  pleasure  of  bringing  before  you. 

We  now  come  to  another  instrument,  very  generally  used,  for 
bringing  the  light  into  the  condition  of  which  I  spokejustnow,  viz., 
polarisation,  and  for  examining  or  analysing  it.  We  saw  that  the 
block  of  Iceland  spar  produced  two  rays,  and  that  each  of  those 
rays  was  polarised  or  had  this  peculiar  directional  character  across 
its  own  line  of  passage.  Now  we  do  not  always  want  two  rays;  in 
fact,  the  second  ray  is  sometimes  more  troublesome  than  not,  and 
therefore  a  certain  Englishman,  a  good  many  years  ago,  named 
Nicol,  devised  a  contrivance  whereby  he  put  togelher  two  pieces 
of  Iceland  spar,  or  rather  took  one  piece  and  cut  it  in  half,  and 
baving  interposed  a  film  of  Canada  balsam  in  the  plane  of  cutting, 
put  them  together  again.  Tlie  general  effect  of  which  was  to  throw 
one  of  the  beams  of  light,  one  set  of  rays,  out  of  the  field  of  view 
altogether,  and  lo  allow  the  other  one  alone  to  pass  through  to  the 
eye  or  to  the  screen.     The  exact  method  of  construction  you  will 
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find  in  the  books,  and  1  will  not  detain  you  by  describing  it  here  ; 
i>ut  the  genera!  effect  of  il  is  to  do  the  same  thing  as  the  block  of 
Iceland  spar  did  and  as  the  dotibie  image  prism  did,— divide  the 
rays;  only  it  gets  rid  of  one  of  them  and  allows  the  other  to  pass 
through.  The  instruraeni  is  called  a  Nicol's  prism;  and  in  the 
same  wayas  at  the  outset  we  took  two  plates  of  tourmaline,  that  is  to 
say,  two  similar  crystal  plates,  one  for  bringing  the  light  into  this 
[leculiar  condition,  and  the  other  for  examining  whether  or  no  it  is  in 
that  condition — one  for  polarising  and  the  other  for  analysing,  as 
it  is  called ;  so  here  we  take  two  Nicol's  prisms,  one  for  polaris- 
ing or  bringing  the  light  into  that  condition,  and  the  other  for 
examining  or  analysing  it.  The  advantage  of  those  two  prisms  over 
the  tourmalines  is  that  we  have  now  no  colour  to  disturb  the  appear- 
ance of  the  phenomena;  and  inasmuch  as  colour  is  one  of  the  pecu- 
liar effects  produced  by  plates  of  crystal  when  submitted  lo  light  of 
this  particular  character,  the  absence  of  colour  in  the  instrumental 
part  of  the  apparatus  is  of  great  importance.  But  in  order  now  that 
we  may  recognise  that  we  arc  dealing  with  instruments  having  the 
same  power  as  the  first,  I  will  pass  a  ray  of  light  through  the 
apparatus.  You  see  now  that  the  beam  of  light  passes  through 
the  whole  train  of  apparatus ;  it  passes  from  the  lamp  through 
the  polarising  Nicol's  prism,  then  through  a  lens  which  focuses  any 
object  you  please  on  the  screen,  and  afterwards  thiough  a  second 
or  analysing  Nicol's  prism.  If  what  I  said  before  be  the  case, 
viz.,  that  the  light  after  passing  through  the  first  prism  is  polarised, 
and  also  is  capable  of  being  analysed  or  examined  by  the  second 
prism,  then  it  ought  to  be  possible  to  repeat  that  phenomenon  we 
saw  before  by  means  of  this  apparatus;  and  in  order  to  test  that 
we  will  turn  the  polariser  round,  and  you  will  see  that  it  turns 
round  by  the  motion  of  the  image  of  an  arrow  attached  to 
it,  which  1  have  focused  on  the  screen.  You  see  as  it  is 
turned  round,  fhc  light  gradually  fades ;  and  if  we  go  on  turn- 
ing, we  shall  find  that  when  it  is  turned  to  a  right  angle,  that  the 
light  is  obliterated.  We  will  now  continue  our  turning  through 
the  second  right  angle,  which  you  will  be  able  to  notice  by  the 
motion  of  the  arrow  about  its  centre,  and  when  it  has  reached  the 
direction  opposite  to  its  original  direction,  the  light  is  restored  to 
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its  fuU  brilltancy.  In  order  to  complete  the  entire  revoiution  we 
turn  it  again,  and  when  it  has  reached  the  second  right  angle,  the 
light  is  again  obliterated  ;  lastly  when  it  is  turned  through  the 
fourth  right  angle,  and  arrives  at  its  original  position,  the  light  is  as 
bright  as  it  was  before.  In  this  I  hope  you  will  rec<^;nise  the 
same  phenomena  as  at  first. 

Now  I  must  refer  briefly  to  the  term  the  "  wave  theory  of 
light."  A  ray  of  light  is  supposed  to  consist  of  a  series  of  waves 
or  undulations  of  an  extremely  elastic  ether  which  pervades  all 
transparent  if  not  also  all  other  bodies.  The  vibrations  to  which 
those  waves  are  due  are  always  at  right  angles  or  perpendicular  to 
the  ray  of  Eight.  In  ordinary  hght  they  may  take  place  in  any 
direction  so  long  as  they  are  perpendicular  to  that  ray,  but  in 
polarised  light  they  are  all  brought  into  one  direction.  Thus,  if 
we  consider  the  ray  of  ordinary  light,  the  vibrations  at  any  point 
of  the  ray  may  take  place  in  any  direction  whatever,  provided 
only  they  are  confined  to  a  plane  through  the  point  perpen- 
dicular to  the  direction  of  the  ray.  But  according  to  that 
theory  the  effect  of  any  polarising  apparatus  is  to  bring  all  those 
vibrations  into  a  single  plane  containing  the  ray.  Suppose  for  a 
moment  that  plane  to  be  vertical,  then,  if  we  turn  the  crystal 
which  so  operates  upon  the  light  through  any  angle,  the  plane  in 
which  those  vibrations  are  cootained  turns  round  with  it.  The  effect 
therefore  of  the  polariser  and  analyser  is  not  very  difficult  to  see. 
Suppose  for  a  moment  that  the  polariser,  our  first  Nicol's  prism,  will 
transmit  in  its  original  position  only  vertical  vibrations,  then  if  the 
second  Nicol's  prism  or  analyser  be  similarly  placed,  it  wi!t  receive 
and  transmit  vertical  vibrations;  but  suppose  we  turn  the  polariser 
round  so  that  it  will  only  transmit  oblique  vibrations,  then  the  ob- 
lique vibrations  will  fall  upon  the  analyser,but  only  a  portion  of  those 
oblique  vibrations  will  pass  through;  and  inasmuch  aa  those  oblique 
vibrations  may  be  considered  as  partially  vertical  and  partially  hori- 
zontal,then  the  vertical  portion  of  them  will  pass  through,  but  the 
horizontal  portion  will  be  extinguished.  If  we  turn  the  polariser 
round  until  it  is  at  right  angles  to  its  original  position,  so  that  the 
whole  of  the  light  consists  of  horizontal  vibrations,  then  there  will  be 
no  vertical  vibrations  whatsoever  falling  upon  the  analyser  and  no 
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light  will  be  transmitted.    That  is  the  general  idea  given  by  the 
wave  theory  of  the  phenomena  which  you  have  seen  just  now,  and 
though  I  beg  you  not  to  try  to  carry  away  more  than  you  can 
easily  retain,  still  I  hope  you  will  have  grasped  the  idea  of  a 
peculiarity  in  a  particular  plane  being  due  to  the  polariser,  and  of 
that  plane  being  capable  of  being  turned  round  with  the  instru- 
ment itself. 
The  great  point  we  are  now  coming  to  is  this.     If  there  be 
I  interposed   in  the  path  of  the  beam  of  light  another  plate  of 
I  crystal,   a    crystal    between    the    polariser   and    the    analyser, 
I  what  will  take  plate?    What  we  have  seen  on  a  larger  scale  here 
I  will  there  take  place  on  a  smaller  scale.     In  the  first  place  every 
I  my  which  falls  upon  that  intervening  plate  of  crystal  will  be 
t  divided  inlo  two.     The  plane  of  polarisation  of  the  one  set  of  rays 
I  will  be  in  one  direction,  and  the  plane  of  polarisation  of  the  other 
■et  of  rays  will  be  in  another  direction.     No  matter  what  that 
I  direction  may  be,  there  will  be  Iwo  sets  of  rays,  one  polarised 
e  direction,  and  the  other  in  a  direction  at  right  angles  to  it ; 
I  Snd  not  only  so,  but,  as  you  saw  with  the  sphere  of  Iceland  spar, 
.  one  of  those  rays  will  move  slower  than  the  other  through  that 
L  crystal,  so  that   on  emerging   one  set    of  rays   will  be   slightly 
L  retarded  or  shunted   behind   the   other.     After   emergence  from 
L  the  plate  of  crystal,  we  have  two  sets  of  polarised  rays.     These 
L  will  fall  on  the  analyser  or  second  Nicol's  prism,  and  those  parts 
[  of  the  vibrations  which  are  vertical  (supposing  the  analyser  so 
I  placed  ns  to  transmit  vertical  vibrations)  will  alone  get  through 
I  flie  analyser.    Suppose  them  lo  be  oblique  or  at  an  angle  of  45', 
I  one  in  one  direction  and   the  other  in    the  other.      Then   one 
r  part    of   each  will   jiass  through    the    analyser    in    the    same 
I  vertical     direction,     i<ut    those    two    sets    of   waves     will     do 
\  longer  be   coincident   as   they    were    when    they    began ;     the 
I  crests  of  the  one  will  no  longer  be  coincident  with  the  crests 
I  of  the  other,  and    the   hollows   of  the  one  will   no   longer   be 
K  coincident  with  the  hollows  of  the  other;  there  will  be  a  sepa- 
Intion;   the  crests  of  the  one  will  be  behind  the  crests  of  the 
Kflther,  and  the  hollows  of  the  one  will  be  behind  the  hollows  of 
e  other,  and  the  effect  of  that  will  be  that  the  two  seu  of  waves 
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will  interfere  with  and  partially  or  even  entirely  obliterate  one 
another.  Suppose  for  a  moment  there  were  passing  before  you 
from  one  side  of  the  table  to  the  other  two  sets  of  simple  wave 
motions,  on  a  surface  of  water,  and  that  in  virtue  of  one  set  of 
waves  the  water  is  raised  up  from  its  natural  level  to  a  certain 
height;  then  supposing  there  came  another  wave  motion  upon 
that  water  so  that  the  crests  of  one  wave  motion  coincided  with 
the  crests  of  the  other,  then  the  two  wave  motions  would  assist  one 
another,  and  the  water  would  be  raised  to  double  the  height ;  sup- 
posing, however,  that  the  second  set  of  waves  did  not  coincide  with 
the  lirst,  but  was  so  far  apart  ihat  the  crests  of  the  one  coincided 
with  the  hollows  of  the  other,  then  the  water  which  was  originally  at 
this  level  would  be  raised  to  the  height  of  the  wave  in  virtue  of 
one  set  of  waves,  and  it  would  be  depressed  to  the  same  extent 
in  virtue  of  the  other;  that  is  to  say,  the  action  of  the  two  wave 
motions  would  be  to  oppose  one  another ;  the  one  raising  it 
above  the  level  and  the  other  depressing  it  below  the  level,  each 
to  the  same  e:;tent,  and  the  water  would  remain  at  the  original  level, 
quite  unmoved ;  that  is  to  say,  the  eftect  of  two  sets  of  waves 
where  the  crest  of  the  one  coincides  with  the  hollow  of  the  other, 
and  vice  versA  would  be  to  neutralise  and  obliterate  one  another. 
The  subject  is  rather  troublesome  to  follow  but  the  effect  on 
white  hght  of  it  would  be  this.  White  light,  you  know,  is  com- 
posed of  light  of  various  colours.  These  colours  are  due  to 
the  difference  of  wave  length,  and  consequently  if  the  white 
light  is  divided  into  two  sets  of  rays,  one  set  of  which  is  retarded 
a  given  distance  behind  the  other,  then  the  distance  by  which  one 
wave  is  retarded  behind  the  other  will  be  a  smaller  proportion  of 
the  wave  length  in  the  case  of  the  red  than  in  that  of  the  violet 
waves.  The  red  waves  are  ihc  long  ones,  and  the  violet  waves  are 
the  short  ones,  and  therefore  the  same  common  distance  of 
retardation  will  be  a  larger  fraction  of  the  short  wave  than  it  is  of 
the  long  wave.  So  that  there  may  be  one  set  of  waves  which  will 
be  retarded  exactly  the  distance  between  the  crest  and  the  hollow; 
when  that  is  the  case,  that  particular  colour  will  be  obliterated, 
and  there  will  remain  visible  to  the  eye  the  remaining  assemblage- 
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of  colours,  which,  together  with  the  obliterated  one,  would  go  to 
form  white  light. 

We  will  now,  after  that  rather  technical  enplanaiion,  make  the 
experiment ;  and  I  hope  presently  to  show  you  by  a  second  experi- 
ment that  what  I  hnve  described  is  actually  the  case.  We  have 
here  a  ray  of  light  passing  through  the  polariser  and  analyser, 
forming  on  the  screen  a  disk  on  which  there  is  seen  the  outline 
of  a  little  crystal  plate.  The  light  passing  through  this  plate  is 
divided  into  two  sets  of  vibrations, ,  one  in  one  direction  and 
the  other  at  right  angles  to  it.  But  it  is  now  so  placed  that 
one  of  those  sets  coincides  with  the  vibrations  which  the  two 
Nicol's  prisms,  the  polariser,  and  the  analyser  can  transmit, 
and  no  effect  is  produced ;  that  is  to  say,  one  set  of  waves  is 
transmitted,  the  other  is  entirely  obliterated,  and  we  see  nothing 
of  it ;  but  the  moment  we  turn  the  plate  round  we  see  what 
happens.  How  is  that  beautiful  green  colour  now  before  you 
produced?  The  vibrations  transmitted  by  the  analyser  in  its 
present  position  are  vertical,  while  those  transmitted  by  this 
plate  are  at  45°,  or  we  may  say  north-east  and  south-west, 
or  these  two,  one  set  is  retarded  behind  the  other,  and  it 
BO  happens  that  the  red  waves  arc  retarded  just  one  half-a-wave 
length,  or  the  distance  between  a  crest  and  a  hollow ;  these 
arc  obliterated,  and  wc  have  left  remaining  on  the  screen  an 
assemblage  of  i^otours,  in  which  the  green  is  predominant  If 
ow  turn  the  polariser  round,  or  the  analyser,  it  matters  not 
which,  you  will  see  that  the  vibrations  transmitted  by  the  analyser 
arcexactly  coincident  with  one  of  the  sets  transmitted  by  the  plate. 
If  wc  turn  it  still  further  round  to  a  direction  at  right  angles  to 
Ihe  first,  we  shall  find  that  instead  of  having  green  we  have 
that  beautiful  red  colour  which  is  now  thrown  upon  the  screen. 
The  real  reason  of  the  change  of  colour,  as  I  hope  you  will  sec 
presently,  is  that  the  rays  which  arc  extinguished  in  the  one  i:ase 
gre  complementary  to  those  which  are  extinguished  in  the  other. 
Now  the  green  which  was  at  first  predominant  is  extinguished, 
leaving  the  general  impression  of  red  upon  the  screen.  The 
*  exact  colour  which  is  retarded  a  half-wave  length,  and  there- 
'  fore  extinguished,  depends  of  course  upon  the  thickness  of 
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rrynal,  becaiue  ioasumdi  at  the  relardadon  depends  npon  tbe 
amount  of  crystal  through  which  the  light  passes,  if  we  Itave  Si 
thicker  plate,  the  retardation  will  be  greater,  and  instead  of  retard> 
ing  half  a  short  wave  length  we  shall  retard  half  a  longer  \ 
length ;  ID  other  words,  instead  of  extinguishing  a  ray  somewhufli 
near  the  blue  or  violet  end  of  the  spectnim,  we  shall  extioguidl 
one  somewhat  nearer  the  red  end.  If,  therefore,  we  have  a  s 
of  similar  plates  of  different  thicknesses,  each  thickness  will 
extinguish  its  own  peculiar  coloured  ray,  and  have  a  different  resi- 
duum upon  the  screen.  In  illustration  of  this  we  will  iatcr- 
pose  in  die  path  of  the  beam  a  compound  plate  of  crystal,  fonned 
of  compartments  of  different  thicknesses.  It  is  now  placed  i 
the  neutral  position,  and  we  begin,  as  before,  with  the  polariser 
and  analyser  differently  placed.  We  now  turn  the  crystal 
through  the  angle  of  45",  and  we  see  the  beautiful  arrangeni 
of  colour  thrown  upon  the  screen.  We  have  now  only  to  t 
the  analyser  through  45"  to  extinguish  those  colours,  then 
through  a  second  45°  to  produce  ihe  colours  complementary 
to  the  first.  The  principle  is  precisely  the  same  as  in  the 
smaller  experiment,  although  the  results  are  a  little  more  complo 
and  1  think  you  will  agree  with  mc  in  saying  10  that  extent  moR 
bcauiifuL  We  vary  the  expeiimentby  taking  insteail  of  a  platewhidi 
is  composed  of  various  compartments  ground  down  and  polished; 
with  great  nicety,  a  plate  of  the  same  crystal  which  is  roug^y 
split  ard  not  polished  down  at  all.  This  will  give  us  a  variety  c 
colour!!,  the  principle,  however,  is  precisely  the  same ;  there  is  no 
novelty  or  complication  in  the  matter,  but  merely  that  these 
different  parts  are  composed  of  films  of  different  thicknesses. 
We  turn  tbe  analyser  round,  and  again  the  colours  fade,  and  \ 
replaced  by  the  complementary  colours  as  you  see  them  upon  tbff 
.icreen,  according  as  the  angle  of  turning  amounts  to  45°  or  90°. 

There  is  a  question  which  you  will  very  likely  ask,  which  is  thi«„ 
we  began  with  a  thickness  of  |>late  which  extinguished  the  violet 
or  shortest  rays,  then  we  found  a  plate  a  little  thicker  was  able 
to  extinguish  blue,  the  green,  the  orange,  and  so  on,  until: 
we  have  a  thickness  which  will  extinguish  the  red ;  but  now 
suppose  we  take  a  still  thicker  plate,  what  will  happen  then? 
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The  answer  is,  we  shall  begin  again,  and  a  plate  thicker  than  the 
one  which  extinguishes  the  red  will  extinguish  the  violet  again. 
But  there  is  something  more  in  it  than  that,  the  explanation  of 
which  I  will  reserve  till  presently.  I  will  now  interpose  in  the 
path  of  the  beam  of  light  a  wedge-shaped  piece  of  the  same 
crystal,  so  that  we  pass  by  imperceptible  degrees  from  the  thinner 
end  to  the  thicker  end.  If  what  1  have  stated  be  true,  we  ought 
to  have  a  kind  of  rainbow  effect,  viz.,  all  the  colours  in  succession 
in  a  sort  of  band  like  a  rainbow  across  the  field  of  view,  and  "fter 
thai  the  colours  ought  to  begin  again,  and  be  repeated  over  and 
over  again  as  far  as  the  thickness  of  the  crystal  will  allow.  We 
will  now  try  the  experiment  At  one  end  we  see  the  green  pass 
through  a  series  of  colours  more  or  less  pronounced  until  we 
get  to  the  red,  and  then  we  see  the  series  is  repealed  over 
again.  There  you  see  aseries  of  rainbow  effects  showing  thai  the 
colours  pass  through  a  series  of  gradations  and  are  repeated  as 
soon  as  the  cycle  is  completed.  Again,  we  may  take  two  wedges 
which  we  can  put  close  together  so  as  to  increase  the  angle.  We 
con  either  put  Ihem  so  as  to  place  the  thick  end  to  the  thin  so  as 
to  neutralise  each  other ;  or  the  two  thick  ends  together  so  as  to 
increase  the  cffccl,  and  then  the  number  of  cycles  is  doubled,  or 
nearly  so, 

I  should  call  your  attention  to  the  fact  that  when  the  number 
of  cyt'les  of  colour  Is  increased,  the  brilliancy  of  each  is  diminished, 
and  I  shall  have  a  word  or  two  to  say  on  that  fact  later.  I  will  now 
vary  the  experiment  by  tokbg,  instead  of  a  wedge-shaped  piece  of 
crystal,  a  concave  piece  so  that  the  centre  is  thinner  than  the 
circuuiferential  parts.  By  so  doing  we  have  tlie  same  thickness 
all  round  at  a  certain  distance  from  the  centre,  and  therefore  the 
colours  are  ranged  in  circles  round  about  the  centre.  As  we  pass 
(rom  the  centre  towards  the  circumference,  we  pass  from  a  thinner 
to  a  thicker  plate,  and  wc  get  these  variations  and  repetitions  of 
colours.  Here  you  sec  what  I  noticed  in  tlic  last  case,  perhaps  more 
plainly  that  the  intensity  of  colour  is  greater  towards  the  centre 
and  feebler  towards  the  drcumfercnce.  The  reason  of  that  I  hope 
to  explain  in  a  few  minutes. 

I  will  now  try  to  make  an  experimental  examination  of  the 
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mode  in  which  these  colours  are  produced,  so  as  to  test  the  truth 
of  the  explanation  famished  by  the  wave  theory.  We  will  use  for 
this  purpose  that  new  optical  instrument  which  has  proved  so  fruitful 
in  the  hands  of  philosopliers  of  modem  days,  namely,  the  spectro- 
scope. I  have  now  placed  in  front  of  the  beam  of  light  a  slit,  giving 
a  thin  slice  of  the  light  which  we  have  been  using.  I  will  introduce 
in  the  path  of  the  light  a  prism  which  will  have  the  effect  of 
dispersing  the  rays  of  light,  throwing  them  all  more  or  less  to  the 
right,  but  the  shorter  rays  more  to  the  right  than  the  longer;  in 
fact,  we  have  on  the  screen  a  complete  spectrum.  We  will  now 
introduce  a  plate  of  crystal  such  as  we  have  just  used,  1  will 
remove  the  prism  for  an  instant  to  let  the  beam  of  light  pass  on 
the  screen  ;  we  now  have  a  sort  of  reddish  tinge  of  light  passing 
through  the  crystal.  I  repeat  what  I  said  before  that  the  colour  com- 
plementary to  the  red  somewhere  about  the  green  would  be  found  to 
be  obliterated.  We  will  now  throw  the  spectrum  on  to  the  screen, 
and  there  you  see  that  the  bluish  end  of  the  green  is  obliterated  ; 
the  spectrum  which  was  before  continuous  in  light  from  the  red  to 
the  blue  end  is  now  separated  by  this  dark  band  in  the  green,  so 
that  the  bluish  part  of  the  green  has  been  effectually  obliterated, 
and  we  have  left  on  the  screen  the  colour  composed  of  all  the 
Other  colours  of  the  spectrum.  It  is  therefore  true  that  the 
colour  transmitted  is  due  not  Co  the  addition  of  any 
colour  to  white  light,  but  to  the  subtraction  of  one  of  the 
elements  which  go  to  make  white  light.  We  will  next  lake  a  still 
thicker  plate  of  crystal,  and  you  will,  I  think,  see  that  the  image 
upon  the  screen  is  but  very  little  tinged  with  colour  at  all.  You 
may  fairly  suppose  from  what  you  see  there  that  little  or  no  effect 
was  produced  upon  the  light  by  this  crystal,  nevertheless,  the 
moment  we  interpose  the  sjiectroscope  in  the  path  of  the  beam, 
we  shall  see  that  a  great  deal  has  happened.  We  have  in  fact  not 
only,  as  in  the  first  instance,  one  band  of  darkness  in  the  spectrum, 
but  we  have  more  than  one — one  near  the  end  of  the  red,  so  that 
the  orange  and  yellow  is  obliterated,  and  we  pass  almost  abruptly 
from  red  to  green  ;  furthermore  that  there  is  a  band  of  shade  again 
showing  that  in  that  part  of  the  spectrum  in  which  green  verges 
upon  blue,  the  light  is  obliterated,  and  furthermore  you  can  see 
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I.  >  shade  in  the  blue.    What  happens,  therefore,  is  this,  that  we 

.  have  obliterated  three  parts  of  the  specinim,  leaving  four  compo- 

nents  contributing  to  the  remaining  light.   In  the  former  case  we 

had  but  two  sections  of  the  spectrum,  here  we  have  four  sections. 

Now,  while  light  is  made  up  of  portions  from  every  part  of  the 

Spectium,  and  the  more  nearly  we  approach  to  every  part  of  the 

spectrum,  or  in  other  words,  the  greater  number  of  parts  from 

which  we  collect  the  light,  the  more  nearly  shall  we  transmit  the 

white  light ;  and  if  we  lake  one  more  plate  which  is  still  thicker, 

we  shall  find  that  the  image  on  the  screen  is  paler  than  at  first,  and 

,  that  the  parts  of  the  spcctnim  from  which  that  light  has  been  taken 

more  numerous   than  ihey  were    before.     On    forming   the 

,-  spectrum,  you  see  there  arc  over  it  many  bands  of  obliteration,  or 

,  absorption  bands  as  they  are  called  ;  anil  consequently  many  com- 

)  poneots  whose  combination  forms  the  image  you  saw  on  the  screen. 

I  hope  you  will  agree  with  me  in  thinking  that  this  confirms  the 

theoretical  explanation  1  gave  just  now,  and  furthermore  explains 

the  comparative  feebleness  of  the  tints  as  we  pass  to  thicker  and 

thicker  parts  of  the  crystal. 

Ueforc  leaving  this  part  of  the  subject  I  should  like  to  notice 
two  other  specimens  of  the  same  crystal  where  we  have  not  the 
merely  slmplcliguresyousaw  just  now,  but  compositions  wherein  a 
certain  figure  or  design  has  been  cut  out ;  the  different  p.irts  of  the 
design  are  made  up  of  different  thicknesses  of  the  crystal,  so  that  we 
have  really  something  like  a  picture  shown  on  the  screen.  This  is  a 
design  which  was  constructed  by  the  late  Mr.  Darker,  who  was  him- 
self not  only  an  artisan,  but  ft  true  artist  in  these  things.  On  turning 
the  analyser  round,  you  see  the  same  image  in  the  complementary 
colours. 

We  have  not  many  minutes  left,  but  there  is  one  other  class  of 
phenomena  which  so  closely  resembles  these,  thai  if  yon  can 
give  me  permission  1  should  like  to  tall  your  attention  to 
them.  All  the  phenomena  you  have  now  seen  are  due  to  the 
internal  stnicture  of  the  crystals  themselves,  and  a  crystal  differs 
fi^om  an  onlinary  non-crynialline  substance  in  having  a  structural 
character,  whereby  its  composition  is  different  in  one  direction 
from  what  it  is  in  another.     It  therefore  naturally  occurs  to  our 


488  THE  POLARISATION  OF  LIGHT. 

minds  whether,  if  we  were  to  take  some  |jarlicular  n on- crystallised 
body  and  submit  it  to  pressure  or  squeezing  or  distortion  of  any 
kind,  we  should  not  produce,  at  all  events  temporarily,  on  the 
internal  parts  of  the  substance  something  approaching  to  a  crystal- 
line character.  The  simplest  possible  experiment  will  show  that 
this  is  perfectly  feasible.  I  have  here  a  simple  bar  of  glass, 
about  half  an  inch  broad,  which  I  will  place  in  the  path  of  the  beam 
of  light,  between  the  polariser  aud  analyser  so  placed  as  to  cutoff 
the  light ;  the  bar  has  no  effect.  Now,  I  will  take  it  between  my 
fingerand  thumb.as  if  1  were  going  to  break  it,and  the  slightest  pres- 
sure will  I  tliink  ri;vcal  it  to  you.  The  moment  I  press  it,  the 
internal  condition  is  in  a  state  of  strain,  quite  suflident  to  aSect 
the  light.  In  particular,  you  saw  two  parts  bright  towards  eadl 
side,  whilst  the  centre  itself  was  dark.  My  assistant  has  now 
placed  this  in  a  vice  so  as  to  heighten  the  effect,  and  I  would 
direct  your  attention  to  the  rod  of  glass  which  is  now  being 
bent.  Since  one  side  is  in  a  state  of  compressio 
opposite  side  is  in  a  slate  of  tension,  there  must  be  some  inter-' 
mediate  part  towards  the  centre,  in  which  tliere  is  neither  one 
nor  the  other,  the  glass  in  that  part  remains  in  the  same  condi- 
tion as  if  there  was  no  force  applied  to  it,  and  therefore  the  field 
remains  dark.'  That  is  the  meaning  of  the  dark  band  i 
centre.  We  will  now  screw  up  the  vice,  and  not  only  do  we 
get  the  light  more  brilliant  towards  the  edges,  but  we  get  tingct 
of  colour  so  that  it  dues  begin  to  resemble  the  aystalline  efiecti 
we  saw  just  now.  The  moment  the  pressure  is  released  i 
light  fades,  and  the  glass  acts  as  an  non-crystalline  body. 
have  here  another  piece  of  glass  in  a  frame,  and  a: 
the  pressure  you  see  the  colour  produced,  showing  that  ' 
pieces  of  glass  became  more  and  more  strongly  crysta 
than  before  j  gradually  reducing  the  pressure,  the  colours  < 
away  and  fade  until  at  last  the  field  becomes  quite  dark. 

What  we  have  done  by  mechanical  power  can  be  done  to  i 
much  greater  degree  by  other  powers  which  we  have  at  OQ 
command.  Many  of  you  will  have  heard  of  molecular  force! 
how  they  act  at  inconceivably  short  distances,  and  with  incoa 
ceivable  intensity.     Suppose  then,  instead  of  relying  on  mechanic! 
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pressure  or  squeezing,  we  have  recourse  to  heat,  and  heat  a  piece 
of  glass  until  it  is  perfectly  soft.  That  being  done,  suppose  we 
place  it  in  a  mould  so  that  the  outside  shall  cool  before  tht  inside. 
The  outside  becomes  a  rigid  frame,  to  which  all  the  interior  parts 
have  to  conform  as  best  as  they  may,  pushing,  squeezing,  atid 
straining  themselves  ;  and  as  it  cools  ihe  interior  of  the  glass  is  in 
a  state  of  strain  or  pressure.  When  it  is  cooled  in  that  condition 
— unannealed  as  glass-makers  call  it — it  is  in  a  very  brittle  stale, 
but  stil!  in  a  condition  to  produce  these  extraordinary  effects  on 
rays  of  light  passing  through  it.  We  will  now  introduce  a  circular 
piece  of  glass  of  this  kind,  and  you  see  how  the  lint-s  of  pressure 
are  arranged,  as  you  would  naturally  expect,  in  circles  round 
about  the  centre,  the  jjressure  being  unifonn  throughout  the 
entire  contour,  has  affected  the  figure  symmetrically.  Suppose, 
instead  of  a  circular  piece  of  glass,  we  take  an  elliptical  piece, 
you  see  how  complex  the  figure  becomes  and  beautiful  as  that 
figure  is,  it  is  still  more  interesting  to  think  what  that  figure 
tetls  us,  namely,  of  the  extraordinary  complexity  of  the  pressures 
and  expansions  which  arc  perpetually  going  on  within  that 
glass  due  to  the  cooling  of  the  outside,  and  of  the  necessity 
of  the  inside  conforming  itself  to  its  external  barrier  as  best  as  it 
caji.  We  may  vary  the  effect  by  taking  other  forms  of  glass. 
There  is  a  square  block  which  gives  a  m.ignificent  tigure,  but  you 
will  see  the  pressures  and  tensions  within  that  block  are  by  no 
means  so  simple.  As  we  turn  it  round,  wc  get  different  mani- 
festations of  these  forces,  for  ihcy  are  really  what  wc  may  call 
coloured  diagrams  of  the  forces  which  arc  going  on  within  the 
block  of  ^lass.  There  arc  several  other  forms  which  1  will  just 
throw  on  the  screen,  and  one  of  the  most  splendid  |>erhaps  con- 
sists of  two  rectangular  blocks  of  glass,  and  you  see  what  a 
system  of  forces  that  lells  us  of,  and  we  may  well  wonder  how 
complex  a  subject  the  whole  is.  1  know  of  no  other  process 
whatever  whereby  we  can  get  placed  visibly  before  our  eyes  an 
image  or  picture  of  the  forces  which  are  going  on  there  ;  and  in 
fact  some  years  ago,  a  Frencliman,  with  the  ingenuity  of  his 
nation,  conceived  by  such  an  arrangement  as  this  a  method  of 
studying  the  internal  forces  going  on  within  different  blocks  of 
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material  under  different  mechanical  forces.  That  is  one  of  the 
purposes  to  which  this  has  been  applied.  One  might  contiDlie 
these  experiments  to  almost  any  extent  and  vary  them  in  roaoy 
ways,  but  there  remains  only  one  matter  to  which  I  should  h"ke  to 
draw  your  attention  for  a"  moment,  going  rather  back  to 
where  we  were  before,  namely,  to  crystalline  structure,  because  in 
this  experiment  if  we  succeed,  I  hope  we  shall  combine  the  two. 
There  are  some  substances  which  at  one  temperature  aie  un- 
crystalline,  and  at  another  are  crystalline.  Here  I  have  a  specimen 
of  some  of  the  bodies  called  fatly  acid,  which  are  smeared  on 
glass.  My  assistant  has  now  warmed  it,  and  if  we  succeed  in 
cooling  it  sufficiently  rapidly,  you  will  see  the  crystals  forming 
themselves  on  the  glass.  There  is  nothing  visible  at  present 
except  that  you  may  see  the  circular  ring,  which  indicates  the 
region  within  which  this  crystallisable  substance  is  now  Ijing. 
You  now  begin  to  see  crystals  forming  from  the  outside,  and  the 
moment  they  are  formed  they  so  act  on  the  light  as  to  produce 
colours  similar  to  what  you  saw  before.  Thus  you  see  these 
crystals  forming  and  producing  this  beautiful  optical  effect,  group- 
ing in  from  the  circumference  towards  the  centre.  And  you  may 
watch  not  only  the  actual  formation  of  the  crystals  before  your  eyes, 
but  the  very  modification  which  the  polarise<l  light  undergoes,  as  it 
passes  through  the  crystalline  as  compared  with  the  uncrystalline 
medium. 

These  experiments,  as  I  said,  might  be  carried  to  almost  any 
extent,  and  if  1  shall  have  succeeded  in  so  far  interesting  any  of 
you  as  to  induce  j'ou  in  some  way  or  another  to  take  up  some 
part  of  the  subject,  our  hour  will  not  have  been  spent  in  \ 
The  subject  in  its  integrity  is  undoubtedly  a  very  complex  one, 
and  on  the  scale  in  which  you  have  seen  it  this  evening  it  can 
hardly  be  hoped  very  often  to  be  produced  ;  but  nevertheless  the 
student  may  himself  with  his  own  eyes  see  all  these  magruficent 
things  altliough  on  a  smaller  scale,  I  sincerely  hope  that  some  of 
you  will  at  all  events  try,  after  reading  a  little  about  this  subject, 
to  repeat  these  experiments  yourselves.  It  is  given  to  some  of  us 
to  add  to  our  knowledge  of  this  knowledge  by  actual  research  and 
by  sdentilic  discoveries ;  to  others,  although  it  is  not  given  to 
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extend  the  field  so  widely  as  the  first,  it  is  given  to  repeat,  to 
verify,  or  even  oa:asionally  to  disprove,  to  illustrate,  to  modify, 
and  to  vary  the  experimeDts  which  have  been  made  by  others,  and 
by  these  modifications  and  illustrations  to  add  very  mateiinlly  to 
our  body  of  knowledge  and  to  our  intelligent  apprehension  of  the 
subject.  There  is  no  doubt  that  the  tendency  in  everything  is  to 
division  of  labour.  Some,  no  doubt,  beside  their  main  occupation 
of  life,  are  more  attracted  towards  politics,  others  towards  religion, 
others  towards  social  questions,  others  towards  scientific  subjects; 
and  I  doubt  not  that  as  the  world  goes  on,  that  division  will 
become  wider  anil  more  marked  than  ever.  Nevertheless,  while 
on  the  one  hand  none  of  us  are  absolutely  separated  from,  or  con 
in  any  way  divest  ourselves  of  our  duties  and  our  relations  in 
respect  of  these  other  branches,  we  may  still  in  some  degree  verify 
the  old  saying,  "that  the  perfect  man  ought  to  know  something  of 
everything  and  everjthing  of  something ; ''  and  therefore  whether 
our  bent  of  mind,  whether  our  main  purpose  of  life,  whether  our 
assodalions  or  affections  lie  in  one  direction  or  another,  1  think 
we  ought  at  all  events  to  feel  it  our  duty  to  try  to  extend  their 
range  and  leave  the  world  a  little  better  than  wc  found  it. 

The  Chairman  ;  Ladies  and  GenUemen, — Allow  me  to  remind 
you  that  this  is  ihe  37th  lecture  of  what  has  tieen  so  appropri- 
ately termed  by  a  gentleman  who  has  reported  these  lectures  in 
Uic  "  Times  "  newspaper,  "  Free  Science  at  South  Kensington  "  ; 
■■nd  I  am  happy  to  have  an  opportunity  of  expressing  in  public, 
irhat  has  been  expressed  by  my  lords,  the  thanks  of  this 
deparlmeni  generally  for  the  assistance  which  has  been  given 
JO  freely  by  gentlemen  of  European  distinction,  such  as  Mr. 
Spottiswoodc,  who  has  been  kindly  interesting  us  this  evening. 
It  was  felt  that  unless  there  were  lectures  and  explanations  of 
womierful  objects  that  have  been  brought  together  from  all 
parts  of  Europe,  this  collection  could  never  have  any  life ;  and  it 
has  been  really  these  lectures  which  have  encouraged  the  hope  that 
what  has  been  brought  together,  as  the  Science  Collection  of  1876, 
may  be  the  foundation  of  a  permanent  collection  which  may  do 
honour  to  this  country.  The  South  Kensington  Museum  is  attached 
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to  the  Science  and  Art  department ;  much  has  been  done  for  Art 
and  the  public  have  at  length  appreciated  what  has  been  done.  Bat 
it  has  been  our  duty  on  this  occasion,  and  my  lends  called  upon 
OS  to  do  it,  to  give  all  our  energies  to  the  promotion  oi  Science 
and  to  the  formation  of  a  great  collection  of  scientific  apparatus 
which  should  not  only  rival,  but  surpass  the  Constroatmre  des  Arts 
et  Metiers.  We  have  been  greatly  assisted  by  diose  gentlemen 
who  have  so  kindly  come  forward  to  give  us  diese  lectures — 
unfortunately  there  are  but  two  more — and  we  are  encouraged  to 
hope  that  a  permanent  collection  of  the  kind  which  is  contemplated 
wiU  always  be  heartily  supported  by  diose  gentlemen  whose  lives 
are  taken  up  in  the  stud}ring  of  various  branches  of  Science.  I 
will  only  now  express  what  I  know  you  all  feel,  our  most  cordial 
thanks  to  Mr.  Spottiswoode  for  die  very  interesting  lecture  whidi 
he  has  been  kind  enough  to  give  us. 


b 


STANDARD  WEIGHTS    AND    MEASURES. 
Bv  Mr.  H.  W.  Chisuolu,  Warden  of  the  Standards. 


J.  Scott  Russell,  Esq.,  F.R.S.,  in  the  Chair. 
The  Chairman  :  Ladies  and  Gentlemen, — In  taking  the  chair 
on  this  occasion  I  believe  it  is  expected  of  me  that  I  should  make 
a  few  remarks  upon  the  peculiar  position  of  this  lecture  as  being 
the  last  of  a  series  of  Free  Lectures  on  Scientific  Subjects  given 
to  the  public  in  this  great  hall,  in  which  for  the  first  time  you  see 
collected  a  large  museum  of  instruments  and  apparatus  which 
represent  the  great  triumphs  of  human  intellect  and  human  science 
made  during  the  last  few  centuries,  and  especially  characteristic  of 
the  marvellous  progress  of  science  during  the  century  in  which 
you  ajid  I  have  the  good  fortune  to  live  and  work.  I  will  not 
occupy  your  lime  with  any  remarks  upon  the  subject  before  the 
lecture,  but  the  pM:uliar  position  of  this  as  the  last  of  a  first  seriei 
cJ  such  lectures,  and,  as  I  hope,  the  beginning  of  what  I  call  an 
interminable  series  of  such  lectures,  is  in  that  respect  so  critically 
important  that  I  will  not  neglect  my  duty,  but  will  make  a  few 
remarks  on  the  subject  at  the  end  of  the  lecture.  In  the  mean- 
,  time,  allow  me  to  mtroduce  the  Lecturer  to  you  as  the  man  who 
in  all  England  is  most  competent  to  speak  to  you  on  this  subject ; 
and  allow  me  to  introduce  the  subject  to  you  by  saying  that 
possibly  it  may  seem  to  some  of  us  as  not  very  important  that  a 
yard  measure  should  be  so  wonderfully  accurate  as  to  require  a 
great  national  institution  and  a  number  of  great  national  institu- 
tions in  other  countries  to  keep  the  yanl  measure  all  right.  But 
me  tell  you  some  of  the  consequences  of  not  haWng  the  yard 


494 


STANDARD  WEIGHTS  AND  MEASURES. 


measure  all  right.  The  whole  of  the  navigation  of  the  ocean 
depends  on  the  accuracy  with  which  we  have  measured  the  earth, 
and  if  we  have  made  any  blunder,  our  ships  arc  wrecked  accord- 
ingly. Nnw  let  me  tell  you  that  if  in  English  yard  measure — for 
we  have  nothing  else  to  measure  the  whole  big  world  with  but  a 
yard  stick— if  in  the  yard  stick  with  which  we  have  measured  the 
earth,  we  have  made  an  error  of  a  thousandth  part  of  its  length, 
the  place  of  our  ships  at  certain  parts  of  the  earth  will  be  2+  miles 
wrong.  But  we  have  nothing  but  a  yard  measure  to  measure  the 
Heavens  and  the  stars  with,  and  if  the  measures  of  the  earth  are 
so  put  out  by  our  little  invisible  blunders,  let  me  ask  you  what  can 
be  the  conditions  of  the  measures  of  the  Heavens  and  of  the 
planets?  because  where  our  earth  is  miles  in  diameter,  their  orbits 
are  millions  of  miles  in  diameter.  What  then  will  be  the  stale  of 
our  calculations  if  we  have  made  any  blunder?  I  will  tell  you. 
The  French  made  a  little  blunder.  They  invented  the  metre,  and 
tliey  thought  they  had  made  a  grand  invention.  They  told  all 
the  world  that  they  had  not  made  the  metre  out  of  their  own 
heads,  but  that  ihey  had  taken  the  exact  dimensions  of  our  globe, 
that  they  had  taken  the  exact  round  measure  of  it,  that  they  had 
divided  that  into  four  quarters,  and  that  of  those  four  quarters  they 
had  taken  an  exact  TTi.Bf?tr.53Sff  P^^t,  and  that  that  is.^^.-^^^  part 
of  the  quarter  of  the  girth  of  the  globe  was  the  standard  French 
metre  to  which  all  pations  must  for  all  time  coming  accede,  and 
we  would  have  done  so.  But  what  do  you  think  we  found  ? 
That  the  metre  is  wrong,  and  the  other  day  we  found  out  that  the 
French  measuremenr  of  the  earth  is  many  metres  wrong,  and  we  do 
not  know  what  the  exact  wTongness  of  it  is.  Therefore  we  have  to 
leave  the  metre  exactly  where  it  stands.  Our  own  yard  measure  we 
have  not  pretended  to  do  anything  of  the  kind  with,  but  you  will 
hear  to-night  from  the  most  capable  of  Englishmen  on  this  subject 
the  great  care  which  we  take  not  to  make  or  invent  a  new  theore- 
tical measure,  but  10  have  one  exact  yard  measure  in  the  world 
from  which  all  our  astronomers  and  navigators  may  make  their 
calculations  with  such  precision  that  it  shall  have  no  human  error  if 
possible  mixed  up  with  it,  and  it  is  with  this  invariable  yard  that 
we  have  made  all  our  calculations.     If  our  yard  is  wrong  and  Dot 
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properly  taken  care  of  and  any  error  arises,  then  aJl  our  grand 
calculations  about  the  distance  of  the  sun  and  the  diameter  of  the 
and  those  things  are  all  in  error  also.  But  1  think  you  will  go 
from  this  meeting  to-night  with  the  conviction  with  which  I  came 
to  it.  namely,  that  our  calculations  have  been  made  so  conscien- 
tiously and  scrupulously  with  a  standard  so  carefully  observed  that 
we*  believe  you  may  trust  the  astronomers  who  use  the  English 
yajd  measure. 

Mb.  Chisholu  :  In  thi^  lecture  it  is  not  proposed  to  treat  of 
weights  and  measures  generally ;  of  those  that  are  in  daily  use 
throughout  all  civili/.ed  countries.  It  is  only  of  the  standards 
of  weights  and  measures  that  I  propose  to  address  you,  the 
material  reprusentatives  of  those  primary  units  by  which  all  com- 
mercial weights  and  measures  are  regulated. 

The  subject  even  thusreduced  isstiU  alaigeone.  Manyquarto 
and  octavo  volumes  have  been  written  upon  the  standard  weights 
and  measures  of  different  countries  in  ancient  and  modem  tiniea. 
But  the  lime  of  the  lecture  is  limited,  and  I  shall  use  my  best 
endeavours  to  con6ne  my  remarks  so  as  to  call  your  attention  to 
the  more  imjwrtant  points, 

3.  I  propwse  first  to  refer  to  the  earliest  standards  of  weights 
and  measures,  and  lo  those  systems  of  ancient  countries,  from 
which  there  can  be  no  doubt  that  all  other  systems  have  been 
derived,  with  the  single  euccplion  of  the  decimal  metric  system, 
which  is  of  an  original  character. 

The  use  of  weights  and  measures  must  have  been  one  of  the 
earliest  necessities  of  civiliied  life,  Josephus  mentions  the  Jewish 
tradition  that  Cain,  aflcr  his  wanderings,  built  a  city  in  the  land 
of  Nod,  and  was  the  inventor  of  weights  and  meaaurca.  The 
estreme  antiquity  of  the  use  of  weights  and  measures  is  also  shown 
by  the  fact  that  the  ancient  heathens  attributed  the  origin  of 
weights  and  measures  to  the  gods ; — the  Egyptians  to  their  god 
Theuth  or  Thoth,  and  the  Greeks  to  Mercury. 

As  regards  the  original  standards  of  weights  and  measures,  we 
learn  from  the  most  ancient  records  that  the  practice  was  to 
derive  all  other  measures,  as  well  as  weights,  from  a  recognized 
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standard  unit  measure  of  length,  and  that  the  cube  of  this  unit,  or 
of  a  determinate  aliquot  part  or  multiple,  formed  the  unit  measure 
of  capacity;  and  the  weight  of  water  or  other  liquid  contained  in  tbe 
standard  measure  of  capacity  formed  the  unit  of  weight, 

3.  We  learn  too,  not  only  from  ancient  records,  but  also  from 
the  very  names  of  the  measures  of  length,  that  the  proportions  of 
the  human  body  were  taken  to  form  the  scale  of  measures  of 
length,  and  that  the  cubit,  or  averaije  length  from  the  point  of  a 
man's  elbow  to  the  extremity  of  his  middle  finger,  was  practically 
adopted  as  the  most  convenient  standard  unit  of  length.  The 
following  scale  of  these  natural  proportions  of  the  human  body 
was  most  generally  recognized,  the  digit,  or  breadth  of  the  middle 
part  of  the  first  joint  of  the  forefinger,  being  the  lowest  unit  of  the 
scale: 

^  The  Digit  =;  1  part. 

Palm  or  handbreadth,  ^  4  parts. 
Span,    =  12  parts. 
Foot,    =  16  ports- 
Cubit.  ^  Z4  parts. 

Arms-length,  or  step,  or  single  pace,  =:  40  parts. 
Double  pace,  or  stride,  =  So  parts. 

Fathom,  or  greatest  length  of  extended  arms  to  the  tips  of  the 
fingers,  equal  to  the  height  of  a  man  =:  96  parts. 

4.  The  cubit  is  the  only  measure  of  length  mentioned  in  the  book 
of  Genesis  as  in  use  before  the  flood.  The  earliest  systems  of 
weights  and  measures  of  which  we  now  have  any  knowledge,  were 
the  analogous  systems  established  in  Chaldsa,  Egypt,  and 
Phoenicia.  Ail  these  systems  were  based  upon  the  cubit  as  the 
standard  unit  measure  of  length,  and  it  is  to  these  systems  that 
the  derivation  of  the  weights  and  measures  used  in  almost  all 
civilized  countries  can  be  traced. 

Of  these  early  systems,  the  Egyptian  has  probably  had  the  greatest 
influence  upon  those  ol  other  countries.  It  is  generally  admitted 
that  the  Egyptian  weights  and  measures  passed  into  Asia  Minor, 
and  Jud^a,  as  well  as  into  Greece  ;  and  with  some  modifications 
extended  to  Italy,  where  they  were  adopted  by  the  Romans,  and 
subsequently  by  all  European  nations. 
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5.  At  the  earliest  period  of  Egyptian  history,  two  different 
cubits  appear  to  have  been  in  use,  as  computed  from  the  eitcma] 
and  internal  dimensions  of  the  great  pyramid.  In  other  words,  one 
appears  to  have  been  used  for  the  measurement  of  land,  the  other 
for  measuring  buildings.  The  first  of  these  two  measures  of 
length  was  the  common  or  natural  cubit  of  6patmsor  hand-breadthi 
aiid  14  digits.  This  was  the  cubit  of  a  man  mentioned  in  the 
earlier  books  of  the  Bible.  Two-ihirds  of  this  cubit  formed  the 
ancient  Egyptian  foot.  Wt  have  the  recorded  evidence  of  the 
most  ancient  authors  that  the  length  of  one  of  the  sides  of  the 
square  base  of  the  great  pyramid  was  500  Egyptian  cubits  or 
750  feet.  This  great  pyramid  was  the  first  built  of  all  the 
Egyptian  pyramids,  and  is  believed  to  have  been  erected  more 
than  4,000  years  ago,  and  during  the  life  time  of  Noaft.  We 
have  the  evidence  of  Sir  Henry  James,  the  head  of  the  Ordnance 
Survey  Department,  that  the  mean  length  of  the  side  of  the 
original  base  of  the  great  pyramid  is  760  English  feel,  according 
to  the  most  authoritative  measurements,  the  latest  being  by  the 
Ordnance  Surveyors  in  i368.  The  length  uf  the  ancient  Egyptian 
fi>ot  is  consequently  shown  to  be  12*16  English  inches,  and  the 
cubit  i8'Z4  inches. 

This  common  cubit  was  identical  wid)  the  Phccnicun  or 
•Olympic  cubit,  aftcr^'aids  adopted  in  Greece.  Wc  have  the 
testimony  of  Herodotus  that  ap|>ears  to  confirm  this  length  of  the 
common  Egyptian  cubit.  Writing  about  450  b.c.  he  says  thai 
**  the  Egyptian  cubit  is  equal  to  that  of  Samos,"  and  thai  has  been 
construed  as  meaning  the  Greek  cubit.  Now  ihe  Icngtli  of  the 
Greek  cubit  has  been  satisfactorily  ascertained  from  a  recent 
measurement  of  the  Haaiompedon  at  Alliens,  so  called  in  Greek, 
as  being  the  measure  of  100  Greek  feet.  It  was  the  platform  on 
which  the  Parthenon  stood.  The  ancient  Greek  foot  has  thus 
been  found  to  be  also  equal  to  11*16  inches,  and  the  Greek  cubit, 
one  half  more,  to  18*34  inches. 

Ihis  detennined  length  of  the  ancient  natural  cubit  serves  10 
compute  the  actual  heighi  of  t»o  of  the  old  giants  mentioned  in 
die  early  books  of  the  Bible.  The  dimensions  of  the  iron  bed  of 
flie  giant  Og,  king  of  Bashan,  are  stated  to  have  been  9  cubits 
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long,  and  4  cubits  broad,  "after  the  cubit  of  a  man."  It 
therefore  about  13!  English  feet  long  and  6  broad.  According  to 
the  reckoning  of  Maimonides,  the  learned  Jew,  that  a  bed  was 
usually  one-third  longer  than  the  height  of  a  man,  Og  must  have 
been  9  feet  high ;  and  the  height  of  the  giant  Goliath  of  Gath, 
stated  in  the  first  book  of  Samuel  to  have  been  6  cubits  and  a 
span,  must  have  been  9  feel  6  inches. 

6.  The  second  of  the  two  ancient  Egyptian  cubits  was  the  royal 
cubit  or  cubit  of  Memphis,  of  7  palms,  or  z8  digits.  This  cubit 
was  one  hands-breadth  longer  than  the  common  cubit.  The 
origin  of  a  second  measure  of  this  increased  length  and  its 
convenience  in  measuring  are  obvious.  In  measuring,  a 
would  begin  by  laying  down  his  right  forearm,  from  the  point  of 
his  elbcw  to  the  end  of  his  middle  finger ;  then  he  would  natu- 
rally put  his  left  hand  down  to  mark  the  place,  and  would 
continue  to  measure  from  the  breadth  of  his  band,  thus  giving 
to  each  cubit  an  extra  hands- breadth  or  palm.  I  am  informed 
that  a  similar  mode  of  measuring  muslin  and  cloth  is  still  practised 
in  India.  Exactly  the  same  thing  was  done  in  this  country,  as  I 
shall  presently  show. 

7.  In  confirmation  of  the  practice  of  adding  a  hands-breadth  to 
the  cubit,  I  may  refer  also  to  the  passage  in  Ezekiel,  describing 
the  vision  of  an  angel  with  "  a  measuring  reeii,  6  cubits  long  by 
the  cubit  and  a  hands-breadth."  All  the  measurements  with  this 
reed  were  also  even  cubits.  The  length  of  the  Egyptian  royal 
or  sacred  cubit  was  computed  by  Sir  Isaac  Newton  from  Mr. 
Greaves'  measurements  of  the  internal  dimensions  of  the  great 
pyramid,  to  be  equal  to  207  English  inches.  His  computation 
was  based  on  the  known  fact  that  even  units  of  measure  were 
used  for  such  buildings,  as  may  be  proved  by  the  measuretnents 
recorded  in  the  Bible,  more  particularly  those  of  the  Tabernacle 
built  by  Moses.  But  we  have  other  and  most  conclusive  evidence 
of  the  length  of  the  Egy^jtian  royal  cubit.  There  is  the  celebrated 
nilometer,  or  stone  building  in  the  form  of  a  well,  for  measuring 
the  rise  of  the  Nile,  and  marked  with  r6  cubits.  1  have  here  an 
account  of  the  measurements  made  in  Egypt  by  the  Ordnance 
Survey  Officers,    with   a  photograph  of  the  nilometer,  said   by 
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Arabiiin  writers  to  have  been  set  up  by  Joseph  during  his  regency 
in  Egypt,  about  3600  years  ago.  There  are  also  in  existence  no 
less  than  ten  standard  cubit  measures  of  the  time  of  the  Pharaohs. 
Some  of  these  are  made  of  wtjod,  and  are  in  excellent  preservation, 
others  are  of  stone  more  or  less  fractured.  The  antiquity  and 
authenticity  of  these  cubit  measures  are  undoubted,  the  date  of 
their  constniction  extending  back  to  a  period  not  indeed  of  the 
building  of  the  great  pyramid,  but  yet  more  than  3500  years  aga 
They  all  concur  in  making  the  royal  cubit  of  7  |>alms  equal  to 
about  2o*7  English  inches. 

8.  Perhaps  the  most  perfect  of  these  standards  is  the  cubit  of 
Amenophis,  discovered  amongst  the  ruins  of  Memphis,  early  in 
this  century,  and  secured  by  M.  Drovctti,  Consul-General  ot 
Fr.ince  in  Rgypt.  This  ancient  standard  cubit  is  now  deposited 
in  the  Royal  Museum  at  Turin ;  and  I  have  here  a  modc>  of  it 
made  by  myself,  and  exhibited  here  No.  123  a. 

It  bearv  in  hieroglyphics  the  dale  of  the  reign  of  Horus,  who  is 
believed  to  have  been  King  of  Egypt  about  1657  b.c.  and  to  have 
been  the  9th  Pharaoh  of  the  i8th  dynasty.  You  may  see  the 
lines  defining  the  digit,  palm,  span,  foot,  and  natural  cubit,  the 
whole  length  lx;ing  marked  as  the  royal  cubit. 

9.  When  the  Ptolemaic  dynasty  was  founded  in  Egypt  by 
Ptolemy  Lagus,  one  of  the  generals  of  Alexander  the  Great,  he 
reformed  the  Egyptian  weights  and  measures,  and  is  said  to  have 

I  introduced  a  new  cubit,  the  cubit  bcladi  or  cubit  of  the  country. 

>  This  cubit  has  ever  since  been  in  use  in  Egypt  and  neighbouring 
countries,  though  in  the  course  of  time  somewhat  modified  in  its 
length,  It  was  equal  to  zi'85  English  inches, and  though  a  cubit 
of  6  palms,  it  was  a  liitk-  longer  than  the  ancient  royal  cubit  of  7 
palms.  Ptolemy  is  also  said  to  have  introduced  the  Phiteterian 
foot,  as  it  wa.1  termed,  from  ihc  name  of  his  prime  minister.   Thia 

i  was  afterwards  much  used  as  a  standard  unit  of  length.     It  was 

\  f  of  the  royal  £gy[ttian  Cubit  of  that  period,  and  was  equal  to 

I  1417  English  inches. 

I  o.  The  black  cubit,  also  extensively  used  as  a  standard  unit  of 

\  length  in  Eg>-pt  when  under  the  Arab  dominion,  was  introduced 
by  the  Cahph  Almamoun,  son  of  the  well-known  Caliph  HarouD 
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Alraschid,  who  established  a  new  system  of  weights  and  measures 
throughout  his  dominions.  The  black  cubit  was  equal  to  31-^ 
English  inches,  and  is  said  to  have  been  taken  from  the  length  of 
the  natural  cubit  of  a  favourite  gigantic  black  slave  of  Almamoim. 
The  nilometer  scale  in  the  Island  of  Rohab,  opposite  Cairo,  is 
attributed  to  Almamoun,  and  by  a  recent  measurement,  the  mean 
length  of  several  of  its  cubits  was  found  to  be  ai"37-  The  length 
of  this  cubit  of  7  palms  was  only  a  little  less  than  the  cubit 
beladi. 

II.  Time  will  not  allow  me  to  go  on  describing  the  principal 
standard  measures  of  length  of  other  countries ;  but  you  may  see 
in  the  tables  of  standards,  which  I  here  exhibit  to  you,  the  names 
and  comparative  length  of  different  standard  units  of  length  of 
many  of  the  principal  countries,  both  ancient  and  modem,  with 
their  equivalents  in  imperial  measure.  I  may  briefly  call  your 
attention  to  some  of  these  standard  measures  of  length. 

Tables  of  standard  weights  and  measures,  ancient  and  modeto. 
Standards  or  Length. 


Egypt      ...     -  Common  or  nalural  cubit  of  6  palms  =  i8-i4 
Royal  cubit  or  cubit  of  Memphis 

of  7  palms ^  ao'67 

Cubit  Belady  of  7  palms    .     .     .     .  =  21*85 

Black  cubit  of  7  palms =  31-34 

Judaea     ....  Cubitof  the  Sanctuary  of  S  palms     .  =  15*50 
Talmud  or  Rabbinical  cubit  of  7 

palms =  21*85 

Chaldfea.— Persia.  Hachemic  cubit  of  S  palms    .     .     .  =  »5'2i> 

Ancient  Hindoo    .  Cubit  of  2  spans  .     ......  =  1800 

Rome      ....  Pace  of  5  Feet =  5816 

Foot =  ii'65 

Modern  Standards. 

Egypt      ....  Cubit  Chariie  of  6  palms        .     .     .  =  i9'4i 

„     Baladinfj  „        .     .    .  =  li-t^a, 

„      Hindasahof8     „         .     .     .  =  25-83 

„     of  the  Architects  of  9  palms  .  =  ay^i 
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China     ....  Chid  or  foot ss  14*10 

Rome     ....  Bracdo,   or  passetto,  of  3  Roman 

palms =  26*40 

Russia     ....  Archine,  ^  of  Sagene  (7  English  feet)  =  38*00 

Austria   ....  Klafter,  of  6  Austrian  feet     .    .    .  =  74*66 

Prussia  ....  Rhine  foot =  12*36 

France   ....  Toise  de  Peru,  of  6  old  French  feet, 

or  pieds  du  roi  (12*79  English)   .  =  7674 

Metre =  39*37 

Great  Britain    .     .  Yard =  36*00 
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STANDARD  UNITS  OF  MEASURES  OF  CAPACITY. 


Eg)'ptian,  Les^r  Artaba 
„      Koyal  Anaba 
„     Grand  Artaba  of  Sephad 
Hebrew,  Ephah,  or  Bath  . 
Hin,  k  of  Bath     . 
„        Corner,  ,^  of  Hin 
Syro-Phienician    and    Persian, 
Cafiz  or  Metretcs 
„     Atlaba  (for  grftin)      . 
Arab  Woebe 
Creek  Meire-.es  (for  Liquids) 

„      Medimna  (for  grain) 
Roman  Amphora  (for  liquids) ) 
„       Quadranlal  (forgiain)  i 
„       Mndiiis  „ 

Old  Winchester  bushtl  . 
Queen  Anne's  wine  gallon 
Imperial  bushel 

Imperial  gallon. 


r  grain) 


Cube  of  Olympic  fool  =  6-464 

„  I  of  Royal  Cubit      =  9-440 


Cube  of  I  Chald3:an  Cubit 

Double  the  Catii 

H;Uf 

Cube  of  Olympic  foot 

t|  Meireies 

80  lb.  weight  of  wine 
i  of  Quadranlal 
3'i5o  cubic  inches 

»3i      ., 
So  lb.  weight  of  water, 

a'JiS'i^i  cub.  in. 
10  lb.  weight  of  water, 

or  I77"a74  cub.  in. 
Cube  of  Decimetre 
100  litres 


=  6468 
=  1078 
=  i:>'646 
=  7186 
=  14-372 

=  8()is 
-  5715 
=  1908 
=  7754 
=  0-834 


II.  Tht  digit  has  been  mentioticd  as  the  smallest  unit  in  the 
scale  of  natural  measures.  The  inch,  or  thumbs -breadth  was  firet 
introduced  by  the  Romans,  in  accordance  with  their  duodecimal 
scale.  Our  word  intA  is  derived  &om  the  Latin  uncia,  used 
by  the  Romans  both  as  the  twelfth  part  of  their  foot,  and  as  the 
twelfth  part  of  their  pound,  whence  also  our  word  vuna. 

13.  The  old  French  foot  or  /i-rj  du  rot  is  said  Ha.litionally  to 
have  been  the  length  of  Charlemagne's  foot,  as  the  English  yard 
has  been  said  to  have  been  the  length  of  Hcni>'  the  First's  arm. 
Six  of  these  old  French  feet  made  the  toise,  which  was  made  the 
standard  unit  of  length  in  France  early  in  ihc  last  century,  and 
was  used  for  measuring  an  arc  of  the  meridian  in  Peru.  The  iron 
standard  toise,  actually  used  in  this  raeasuTcment,  and  known  as 
the  Toise  Je  Peru,  became  the  legal  slandaid  measure  in  length  in 
France,  until  the  metre  was  substituted  for  it.  It  was  also  the 
standard  unit  of  length  for  all  measurement  of  arcs  of  the  meridian 
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muie  in  Europe.  The  standard  bnse  of  the  Ordnance  Surrey 
Dcpaitment  b  eihibiied  boe. 

Yon  ma^  notice  that  the  English  jard  is  vcrr  neaH^  the  same 
kngfli  as  double  the  ongtnal  aibtt.  It  is  Toy  probaUe  that  the 
)>ard  was  derived  b}*  the  Anglo-Saxons  from  this  taAf  Standard 
measure,  from  being  die  length  of  doable  the  Danmd  cubit. 

14.  We  have  not  equally  satis&ctorT  eiidence  of  ancient 
standard  weights.  The  best  aiitborides  agree  dial  both  in  Egypt 
and  in  other  early  civilized  coimtiies,  the  we^htoi  water  contained 
to  the  measure  of  the  cube  of  the  standard  foot,  \  of  the  cabit, 
coostitDted  the  larger  nnii  of  wdgfat,  the  talent ;  and  that  a 
detetioinate  aliquot  part,  the  50th,  the  60th,  or  the  looth  par^ 
constituted  the  lesser  unit  of  weight,  the  mina.  Taking  the  foot^ 
Ii-|6  English  inches,  the  measure  of  the  Egyptian  cubic  foot,  the 
larger  unit  of  capacity,  would  be  equal  to  1 798  of  our  cubic  inches, 
or  about  f  ths  of  our  bushel,  and  the  common  talent  of  the  market 
in  Egypt,  or  Kilckaz.as  it  was  termed,  was  equal  to  about  64  j  ib. 
avoirdupois.  The  commercial  mina,  its  5oih  part,  would  thus  be 
equal  li  about  li  avoirdupois  lb.,  and  the  capacity  of  the  mina 
weight  of  water,  which  was  the  lesser  unit  of  capacity,  would  be 
about  36  cubic  inches,  very  nearly  equal  to  an  Imperial  piaL 

IS-  That  the  mina  was  the  ancient  unit  of  weight  in  Egypt,  and 
also  the  unit  for  measures  of  capacity  by  its  weight  of  their  liquid 
contents,  is  shown  from  an  andent  inscription  on  the  walls  of  the 
great  temple  at  K-iraac,  recording  the  i-Jctories  of  Thothmes  III., 
who,  according  to  Sir  Gardiner  Wilkinson,  reigneil  about  1445 
B.C.  This  inscription  is  said  by  Dr.  Birch,  in  his  annals  of  this 
king,  to  record  the  number  of  mina  weights  of- large  quantities  of 
wine,  honey,  spices,  dates,  and  bitumen,  taken  as  booty  in  war, 
or  imposed  as  tribute. 

16.  As  the  modem  standard  unit  of  weight,  the  pound  (from 
the  latin  Poiidus)  was  derived  from  and  is  the  representative  of 
the  ancient  mina,  it  may  be  interesting  to  examine  more  closely 
into  the  actual  weight  of  this  standard  unit.  The  corresponding 
word  Mana  was  used  as  the  Babylonian  unit  of  weight,  and  is 
thought  to  be  related  to  the  more  modern  Arabic  word  manah,  to 
count.     The  fact  is,  however,  that  the  weight  of  the  ancient  mina 
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vaxiiid  in  the  different  countries,  and  at  diRercnt  periods,  just  as 
the  weight  of  the  European  pound  has  varied.  There  was  also 
the  same  practice  in  ancient  times  of  a  different  value  being 
assigned  to  the  same  nomina]  unit  of  weight,  according  as  it  was 
used  for  monetary  or  commercial  purposes,  as  has  existed  in  this 
country  up  to  the  present  time,  when  we  have  our  pound  troy 
and  pound  avoirdupois. 

17.  We  have  certain  knowledge  of  the  system  of  ancient 
Assyrian  and  Babylonian  weight  from  the  remarkable  series  of 
Standard  weights  discovered  in  the  ruius  of  Nineveh  by  Mr. 
Layard  and  now  in  the  British  Museum.  There  are  two  series  of 
standard  weights,  bearing  marks  of  their  denominations  and 
periods  of  construction.  The  weights  of  the  principal  series,  16 
in  number,  are  of  bronze,  in  the  form  of  a  lion  crouching  on  a 
pedestal,  and  bearing  cuneiform  inscriptions.  The  second  series 
is  of  stone  or  marble,  1%  in  number,  and  of  a  rounded  or  oval 
form,  representing  a  duck  sitting  with  the  head  turned  flat  on  the 
back.  They  are  all  of  about  the  Sth  century  b.c.  But  there  are 
also  other  ancient  Babylonian  duck  weights  of  stone  in  the  British 
Museum,  believed  to  be  of  far  earlier  date. 

In  all  these  ancient  weights,  two  distinct  systems  are  represented, 
the  one  double  the  weight  of  the  other  of  the  same  denomination. 
The  mean  weight  of  the  mina,  the  unit  of  the  first  series,  is  1 5,330 
English  grains,  and  of  the  second  7,<i(>5  grains.  The  larger  series 
was  the  ruyal  set,  "  Manahs  of  the  king,"  the  smaller  scries  the 
commercial  set,  "  Manahs  of  the  country."  In  Babylon,  the  sex- 
agesimal scale  was  used,  as  it  was  by  the  ancient  Chaldsans,  from 
whose  observation.^  of  the  motions  of  the  heavenly  bodies  we 
have  the  circle  dividqJ  into  360  degrees,  and  the  hour  into  60 
minutes,  with  a  further  sub-division  of  60  seconds.  The  Baby- 
lonian talent  was  60  mina.  The  manah  was  divided  into  60 
shekels  The  mean  weight  of  the  heavier  Babylonian  shekel  has 
been  computed  to  be  166  English  grains,  and  of  the  lighter  shekel 
'33  grains.  In  later  times,  tlie  weight  of  the  Jewish  shekel  was 
intermeiliate  between  that  of  the  two  Babylonian  shekels,  the 
average  weight  of  the  earliest  Jewish  silver  shekels  coined  in  the 
time  of  the  Maccabees  being  about  no  grains. 
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The  talent  both  of  silver  and  of  gold  is  frequently  mentioned  in 
the  Holy  Scriptures.  I  may  here  remind  you  of  the  two  talents 
of  silver  obtained  by  Gehazi,  the  servant  of  Elisha,  from  Naaman 
the  Syrian,  who  urged  him  to  accept  these  two  talents,  and  bound 
them  in  two  bags,  which  were  laid  upon  two  of  Naaman's  servants 
to  carry  to  Gehazi's  home.  One  of  these  talents  of  silver  was  a 
pretty  heavy  load,  vrilhout  the  change  of  raiment  that  accompanied 
it.  It  was  equal  to  92)  of  our  avoirdupois  lbs.  The  two  talents 
were  therefore  equal  to  nearly  ^700  of  our  money,  even  reckon- 
ing the  value  of  silver  in  our  own  time.  According  to  the  Biblical 
Chronology,  Elisha  lived  about  900  b.c.  Up  to  that  period  and 
for  some  time  after,  no  coined  money  was  in  existence  and  pay- 
ments were  always  made  in  gold  and  silver  by  weight.  The 
precise  epoch  of  the  introduction  of  coined  money  is  not  known, 
but  no  coined  gold  or  silver  money  is  believed  to  have  existed 
previously  to  the  7th  or  8th  century  b.c  Long  before,  however, 
gold  and  silver  rings  of  specified  weight  are  stated  to  have  been 
current.  The  first  king  who  is  known,  from  the  evidence  of  coins 
still  existing,  to  have  coined  gold  money  was  Crresus,  king  of 
Lydia,  in  Asia  Minor,  at  the  beginning  of  the  6di  century  b.c. 

iS.  I  must  not,  however,  give  any  more  time  to  the  ancient 
standard  weights  and  measures,  and  to  the  standards  of  foreign 
countries.  It  may  be  sufficient  to  direct  your  attention  lo  the 
table  of  ancient  and  modern  weights  and  measures  of  various 
countries  now  exhibited  to  you,  with  their  equivalent  values  in 
Imperial  weight  and  measure. 

Hj,  Our  Enghsh  standard  units  of  measures  of  length  and 
capacity  and  of  weight — the  yard,  bushel,  and  pound— have  come 
down  to  us  from  the  Saxons,  though  some  modifications  of  the  two 
last-mentioned  units  have  since  been  made.  The  earliest  recorded 
standard  of  length  in  this  country  was  the  yard  or  gityi  of  the 
Saxon  kings  kept  at  Winchester.  King  Edgar  is  recorded  to 
have  decreed,  with  the  consent  of  his  Wites  or  council,  that  "  the 
measure  of  Winchester  should  be  the  standard."  No  change  was 
made  by  the  Normans  in  the  Saxon  system  of  weights  and 
measures  established  in  England,  and  by  a  statute  of  William  the 
Conqueror  it  was  ordained  that  "the  measures  and  weights  should 
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be  true  and  sumped  in  all  parts  of  the  country,  as  had  before  been 
established  by  law." 

10.  The  only  change  that  appears  to  have  been  made  at  the 
conquest  was  in  the  custody  of  the  standards,  which  were  trans- 
ferred from  Winchester  to  the  Exchequer  at  Westminster,  where 
they  were  placed  under  the  custody  of  the  King's  chamberlains, 
The  Exchequer  itself  was  a  Norman  Institution,  and  even  up  to 
the  present  time  there  may  be  seen  at  Rouen  the  ancient  building 
of  the  Nurman  Exchequer,  with  the  inscription  upon  it,  "  Le  pi*e 
de  I'Echiquier  de  Londres."  'l"he  English  standards  of  weight 
and  measure  were  deposited  by  the  King's  orders  in  a  consecrated 
building,  just  as  the  standards  of  old  times  in  ancient  countries 
were  placed  in  their  templts.  Together  with  the  Royal  treasures, 
they  were  placed  in  the  Crypt  Oiapel  of  Edward  the  Confessor  in 
the  cloisters  of  Westminster  Abbey,  since  known  as  the  Pyx 
Chapel.  This  portion  of  the  old  Abbey  of  Westminster  then 
became  vested  in  the  Sovereign,  and  has  ever  since  been  under 
the  custody  of  the  oflicer  who  has  had  charge  of  the  standards. 
Some  of  the  old  standards,  which  were  not  required  for  actual  use, 
remained  in  the  Pyx  Chapel  nearly  up  to  the  present  time.  The 
office  of  the  King's  chainbcilains,  which  was  a  part  of  the  old 
Exchequer  Office,  was  not  abolished  till  i8a6,  when  the  custody 
of  the  standards  was  transferred  to  the  auditor  of  the  Exchequer. 
It  was  again  transferred  to  the  Comptroller  Oeneral  of  the 
Exchequer  in  1834,  when  the  old  establishment  of  the  Exchequer 
was  remodelled. 

In  1866,  the  Exchequer  ceased  to  be  a  separate  office  of  the 
Government,  and  was  amalgamated  with  the  Audit  Office,  The 
new  office  of  Warden  of  the  Standards  was  created  in  pursuance 
of  recommendations  of  the  Standards  Commission ;  and  to  this 
office  1  was  appointed  in  consequence  of  ray  long  experience 
■s  an  exchequer  Officer,  which  began  before  the  Chamberlain's 
Office  was  abolished.  The  Exchequer  standards  became  the 
Board  of  Trade  standards,  the  new  office  being  placed 
under  the  Board  of  I'rade.  These  standards  include  also  those 
of  Coinage,  the  standard  Trial  plates  for  testing  the  gold  and 
silver  moneys  coined  at    the  Mint,  having  been  entrusted,    to- 
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gelber  with  the  standards  of  weights  and  measures,  to  the  same 
utlicer  of  the  King,  certainly  from  the  time  of  Edward  III., 
and  probably  from  the  time  of  the  Conquest,  The  standard  Trial 
plates  were  always  kept  in  the  Pyx  Chapel,  the  custody  and  keys 
of  which  were  thus  also  transferred  to  me.  But  1  have  preferred  to 
keep  the  standard  Trial  plates,  with  the  Irapenal  standards  of  weight 
and  measure,  in  the  fire-proof  strong  room  at  lU)'  office,  which 
has  been  specially  titled  up  for  their  reception.  They  are  kept 
there  in  fire-proof  iron  chests. 

21.  There  is  every  reason  to  believe  that  the  standard  yard  of 
llenry  VII.  the  Winchester  copy  of  which  is  exhibited  here,  repre- 
sents accurately  the  length  of  the  old  Anglo-Saxon  yard.  It  does 
not  differ  from  our  present  standard  more  than  one  foot  rule  differs 
from  another,  that  is  to  say,  it  is  about  o.oi  indi  shorter.  You  will 
see  that  I  have  placed  it  on  our  model  of  an  Inspector's  comparing 
yard,  also  exhiljited  here,  so  that  any  difference  of  length  can  be 
observed.  Theyaid  and  the  ell  were  originally  the  same  measure 
in  this  country.  From  the  period  of  the  Conquest,  down  to  the 
reign  of  Richard  II.,  the  statutes  and  official  documents  were 
generally  in  Latin,  and  sometimes  in  Norinan  French,  and  the  yard 
and  ctl  (vtrga  and  verge,  ulna  and  aulne)  are  used  indiscnminately 
as  the  same  unit  of  length.  In  the  clause  of  Magna  Charta  relating 
to  weights  and  measures,  the  term  Ulna  is  used  as  the  unit  of 
length  for  cloth,  whilst  in  Doomsday  book,  land  measured  by  the 
yard  or  yard-land,  is  called  7emi  Vitgata.  The  old  English  yard 
was  extended  to  our  later  English  cloih  ell  first  by  making  it  only 
one  inch  longer.  By  the  statute  of  Henry  Vlll,  the  measure  of  the 
cloth  yard  was  declared  to  be  a  yard  and  an  inch  or  thumbs- 
breadth.  Having  thus  got  this  little  addition  to  the  yard,  the  next 
process  was  probably  to  make  a  cloth  yard  of  37  inches,  and  add 
a  hands-breadth,  and  by  repeating  this  process  to  get  a  cloth  ell  of 
45  inches  in  Queen  Elizabeth's  time.  I  now  produce  to  you 
Queen  Elizabeth's  standard  yard  of  36  inches,  and  ell  of  45  inches, 
both  marked  on  the  same  bronze  bar. 

22.  The  earliest  standard  of  monetary  weight  in  Englatid  was 
the  old  pound  of  the  Saxon  moneyers  in  use  at  the  Mint  before  the 
Conquest.    The  only  legal  standard  of  this  pound,  of  which  any 
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tus  come  down  to  us,  was  the  Mint  p  lund  of  the  Tower 
of  London,  known  as  the  Tower  pound.  It  was  of  the  same 
■weight  as  the  old  Apothecaries  or  medicinal  lb.  of  Germany,  and 
equal  to  5400  of  our  later  Troy  or  Imperial  grains.  In  184a, 
an  ancient  weight  of  bra.ss  was  discovered  in  the  Pyx  Chapel,  that 
weighed  5409  Troy  grains,  and  was  evidently  au  old  monetary 
pound,  somewhat  increased  in  weight  from  oxidation.  This 
nioneycr's  pound  was  the  ancient  pound  sterling  of  silver,  divided 
into  30  shillings,  each  into  12  d.  or  pennyweights.  We  find  that 
up  to  the  end  of  the  reign  of  Edward  III,,  the  weight  of  all  gold 
and  silver  articles  in  the  King's  Treasury  was  expressed  in  our  old 
Exchequer  records  in  pounds,  shillings,  and  pence,  fmii  de  la 
Tuwrr,  or  /c«  //  or/ei'ns.  The  pennyweight  contained  31  grains, 
mnd  thus  the  Tower  pound  contained  7680  monetary  grains,  or 
grains  of  wheat.  The  pennyweight  was  etjual  to  23^  Troy  grains, 
which  is  the  average  weight  of  the  Saxon  and  Norman  coined 
nlver  pennies. 

The  mark  was  (  of  the  Tower  pound,  and  was  used  for  denot- 
ing both  the  weight  and  value  of  silver  under  the  Norman 
sovereigns.  It  was  equal  to  3600  Troy  grains,  and  thus  did  not 
■cnsilily  differ  from  the  ancient  unit  of  money  weight  in  Germany 
known  as  ihe  Cologne  Mark. 

23.  The  Tower  pound  ceased  to  be  the  legal  mint  weight  in 
1527,  by  an  Ordinance  of  18  Henry  Vlil,,  enacting  that  "The 
"  Pound  Towre  shall  be  no  more  useil  and  oc(;u]iied,  but  al  maner 
"  of  golde  and  sylver  shall  be  wayed  by  the  Pounde  Troyc,  which 
^'makclh  xii  or  Troye.  which  exccdith  the  Foimde  Towre  tn 
"  weight  iii  quarters  of  the  ot."  From  this  time  to  the  present, 
our  system  of  coinage  and  of  weighing  gold  and  silver  has  been 
based  on  the  pound  Troy. 

I'roy  weight  bad,  however,  been  introducctl  into  England  long 
before  the  reign  of  Henry  VIIl.,  and  was  certainly  in  general  use 
there  in  the  early  part  of  Henry  V.,  being  mentioned  in  the  Act 
a  Henry  V.  c.  4.  In  the  Exchequer  records,  the  earliest  mention 
of  Troy  weight  is  in  i  Henry  IV.  It  is  probable  that  it  was 
brought  into  tingland  from  France  during  the  wars  and  the 
English  occupation  under  the  Black  Prince.     lu  name  has  been 
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COttsucTca  lo  axre  bcco  ociivod  doh  nc  tumlm  bova  41  lioy^^ 
■fccfc  a  cdeboud  &jr  «»  bdd.  Tboc  ««*  ootnttlr  a  kawa 
livreie  Ttvja  and  Ji^rtde  Tn^a  in  tkc  tane  of  Eitsanl  the 
tkinl.  waA  die  tecanled  we^^  of  Ae  Hkc  dc  Tiove,  wUtft  «is 
kdf  dK  line,  wwcrr  ncaclr  4  (rf*  ov  Trar  povnd. 

24.  TW  neof  ibciysteaBof  ■qgjt  tmd  on  tfe  Tnwcra 
dw  Trof  pootMl  was  oxifiBcd  10  ifae  [kcuoib  nctab  ^id  dra^ 
Tbecarticst  naadaid  of  conBocial 
nerdant'a  pocind,  £Ara  munatariM. 
54  Hmrj  III.,  as  a  pooad  of  25s.  nsed  for  ai 


>  the 


It  c 


cqiul  to  one^foarth  more  titan  the  Tower  paand,  o 

giain*.  Tbetc  vai  abo  a  merdunb'  pound  we^;i>ing  a 
Ttojt  graint,  and  Urns  ooe-ttainl  more  than  the  Tower  p 
oBe-foBrdt  more  tfaan  the  Troj  pound,  which  was  used  ii 
and  mU  more  in  Scotland. 

15,  The  mcTthants'  pouod.whether  of  675oor  jjooTroygnunsi 
wai  BUpCTsedcd  in  England  by  the  avoirdapois  pound  of  7000  trof 
graini,  which  appears  to  have  been  in  use  here  as  eariy  as  the  year 
i.)oj,3itit  is  recited  in  a  weights  and  measures  statute  of  that  year. 
lb«3i  Edward  III.  It  was  probably  introduced  (rom  France,  an  its 
name  indicates,  about  the  same  time  as  the  troy  pound.  The  pound 
avoirdujiots  was  evidently  taken  from  the  old  French  commercial 
pound  of  r6  ounces,  used  at  that  time  in  many  parts  of  France. 
Our  existing  Imperial  standard  pound  can  be  clearly  proved  to  bo 
of  the  same  weight  as  tht:  standard  avoirdupois  pound  of  Edward 
III.,  and  there  are  good  grounds  for  believing  that  no  substantial 
difference  has  occurred  in  its  standard  weight,  or  in  that  of  the 
troy  jHJimd,  since  these  !>tandards  were  originally  established  in 
this  country. 

The  avoirdupois  system  of  weight  was  legalised  in  this  coimtry 
by  a  statute  of  Henry  VII I ,.  which  is  a  curiosity  in  its  way.  It  ran 
thus : — "  Ikcf,  pork,  roulton  and  veal  shall  be  sold  by  weight 
called  Hanr  ail  pots.  No  person  shall  take  for  a  pound  of  beef 
or  jiork  above  one  halfpenny,  nor  for  a  pound  of  mutton  or  veal 
above  three  farthings,  and  less  in  those  countries  where  they  be 
sold  lot  less."     It  is  upon  evidence  of  this  kind  that  the  theory 
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is  founded  of  the  value  or  purchasing  power  of  money  having 
diminished  about  fifteen  fold  in  this  country  since  the  con- 
quest. 

a6.  As  to  our  early  English  standard  measures  of  capacity,  it  is 
stated  in  Magna  Charta,  "  there  shall  be  throiighout  our  realm, 
one  measure  of  wine,  one  measure  of  ale.  and  one  measure  of 
com."  This  would  seem  to  imply  that  there  were  then  three 
distinct  standard  measures  of  capacity.  But  the  only  one  of 
which  we  now  have  any  cognisance  is  the  Winchester  com  bushel, 
of  a  capacity  of  about  iijoi  cubic  inches,  together  with  the 
Winchester  corn  gallon  of  372^  cubic  inches,  the  later  standards 
of  which  constructed  by  Henry  VII.,  still  remain  in  the  Stand- 
ards office.  A  standard  ale  gallon  of  i8a  cubic  inches  was 
added  by  Queen  Elizabeth,  and  a  standard  wine  gallon  of  131 
cubic  inches  by  Queen  Anne.  But  all  these  standard  measures  of 
capacity  were  abolished  in  1814.  and  the  new  imperial  standard 
gallon,  containing  10  lbs.  weight  of  water,  and  equal  to  about 
tyat  cubic  inches,  was  made  the  standard  of  capacity  for  liquid 
measures,  and  the  imperial  standard  bushel  of  8  gallons  wa& 
Buide  the  standard  for  measuring  dry  commodities. 

You  have  now  before  you  the  Winchester  copies  of  some  of 
our  earlier  standards  of  weights  and  measures.  The  original 
Standards  are  in  the  Standards  office,  and  arc  not  allowed  to  be 
out  of  my  own  custody. 

37.  As  regards  the  old  Scotch  standards  of  weights  and  measures, 
llie  old  st;mdard  of  linear  measure  was  the  Scotch  ell-wand  kept 
It  Edinburgh.  It  was  a  little  less  than  37^  English  inches. 
The  Scotch  acre  was  a  little  more  than  \\  English  acre. 

The  old  Scotch  standard  of  weight  was  that  termed  the  French 
pound  troy,  and  was  ei|ual  to  7609  of  our  troy  grains,  although  the 
FVcnch  commercial  pound  of  troyes  is  said  to  have  really  weighed 
7560  grains.  This  was  the  unit  of  weight  by  which  the  stipend 
in  meal  to  many  of  the  Scotch  clergy  was  paid.  There  was  also  a 
popular  system  in  Scotland  generally  received  as  the  actual  equiva* 
lent  of  the  English  avoirdupois  standard,  by  which  \i\qt..  avoir, 
were  equal  to  the  Scotth  troy  pound  of  16  ounces,  making  the 
latter  equal  to  7656^  of  our  troy  grains.     Both  of  these  standard 
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units  were  recognized  by  juries  in  determining   the  [ia>Tnent3  ot 
tithes  to  the  Scotch  clergy. 

The  standard  of  Scotch  measure  of  capai:ity  for  liquids  was  the. 
Scotch  pinL  kept  at  Sterling,  defined  in  ihe  Scotch  Act  of  i6i 
containing  "  3  lb.  7  oz.  of  French  troyes  weight  of  clear  running, 
water  of  the  water  of  Leith."  This  Scotch  pint,  according  to  the, 
Sterling  jug,  was  of  the  capacity  of  103-404  English  cubic  inches,, 
and  16  Scotch  pints=6  English  ale  gallons.  As  the  imperial  pint, 
is  of  the  capacity  of  34I  cubic  inches,  the  Scotch  jug  holds  a 
little  less  than  3  imperial  pints. 

The  unit  of  Scotch  measure  of  capacity  for  dry  commodities  was 
the  Firlot,  the  standards  of  which,  for  there  were  two,  were  kept 
at  Linlithgow.  The  wheat  Firlot,  used  also  for  peas,  beans,  salt,  etc. 
contained  t\^  Scotch  pints,  or  2197^  cubic  inches,  a  little  more 
than  a  Winchester  bushel.  The  barhy  Firlot,  used  also  for  tnalt, 
fruit,  potatoes,  etc.  contained  31  Scotch  pints,  or  32051  cubic 
inches,  nearly  equal  to  i\  Winchtster  bushel. 

But  the  dry  measure  used  immemorially  and  univereally  in 
Scotland,  even  up  to  the  present  time,  was  the  Bell,  containing  4 
Firlots,  or  about  6  Winchester  bushels.  The  contents  of  the  Boll 
however,  varied  and  still  continue  to  vary  all  over  Scotland,  and  the 
term  is  used  much  as  the  sack  is  used  in  England,  its  contents 
being  specified  in  imperial  weight  or  measure. 

The  act  of  Union  with  Scotland  passed  in  1706,  prescribed 
that  the  English  standards  only  should  be  used  in  Scotland ;  and 
the  new  imperial  standards  of  weights  and  measures  were 
legalised  throughout  the  United  Kingdom  of  Great  Britain  and 
Ireland  in  1824,  and  all  others  declared  illegal.  The  English 
standards  of  weights  and  measures  have  been  legalised  in 
Ireland  since  the  beginning  of  the  reign  of  Henry  VII. 

28.  The  existing  standards  of  weigtits  and  measures  are  the 
imperial  standard  yard  of  bronze,  and  the  imperial  standard 
pound  of  platinum,  a  pound  avoirdupois,  constructed  by  the 
standards  commission  after  the  loss  by  fire  at  the  Houses  of 
Parliament  in  1834  of  the  old  standanl  yard  and  standard  troy 
pound  of  brass,  which  had  been  constructed  under  the  directions 
of  a  Committee  in  the  House  of  Commons  in  1758,  and  leftinthe 
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custody  of  the  clerk  of  the  House.  These  had  been  made  the 
egal  standards  by  an  act  of  1824.  I  can  here  show  you  represen- 
btives  of  them.  But  the  Shuckburgh  scale,  the  property  of 
ihe  Royal  Society,  was  at  that  liitie  coosidered  the  scientific 
Standard  of  length.  The  new  standards  were  legalised  in  an  Act 
of  1854.  Four  Parliamentary  copies  of  the  standards  are  recited 
in  this  Act,  as  available  for  replacing  the  imperial  standards  if  lost 
or  damaged,  having  been  constructed  by  the  standards  commissioD 
with  this  objecL  They  are  deposited  as  follows  : 
Copies  No.  I,  at  the  Royal  Mini. 

No.  a,  with  the  Royal  Society. 

No.  3,  at  the  Observatory,  Greenwich. 

No.  4,  immured  in  the  New  Palace  at  Westminster. 
1  have  brought  with  me  a  copy  of  each  of  these  two  primary 
standards  of  length  and  weight,  that  you  may  see  how  they  ore  con- 
fttructed,  and  the  method  adopted  for  supporting  the  standard 
yard  on  lever  rollers  so  as  to  maintain  as  far  as  possible  a  uniform 
length.  1'he  standard  bushel  and  gallon,  the  units  of  dry  and 
liquid  imperial  measures  of  capacity,  are  secondary  standards 
derived  from  the  standard  of  weight, 

7,f).  It  only  remains  briefly  to  refer  to  the  standards  of  the  Metric 
'Stem  of  weights  and  measures,  first  established  in  France  at 
the  close  of  the  last  century,  as  a  new  and  scientihc  system  based 
on  a  natural  constant,  and  with  a  imifonn  decimal  scale.  The 
formation  of  this  new  system,  which  was  iraperalivciy  required  on 
account  of  the  intolerably  defective  state  and  want  of  uniformity 
in  the  weights  and  measures  in  France,  was  entrusted  by  the 
French  Government  to  the  French  Academy  of  Sciences. 
It  was  based  by  them  on  the  new  unit  of  length,  called  a 
Metre,  and  purporting  to  be  the  ten-niiUionih  part  of  the 
meridian  quadrant  passing  through  France.  For  determining 
the  length  of  this  meridian  quadrant,  the  length  of  a  line 
directly  north  and  south,  extending  for  about  9^  degrees  of  latitude 
from  Durkirk  to  Barcelona,  was  measured  with  all  possible 
accuracy.  The  unit  of  measure  employed  was  the  double  French 
toise,  and  four  measures  consisting  of  compensaring  bars  were  used, 
^er  they  had  been  accurately  compared  with  the  old  French 

a  L  1 
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Standard,  known  as  the  Toise  de  Prrou,  already  referred  to,  as 
containing  6  old  French  feet,  each  of  la  lines.  The  result  was 
that  the  length  of  the  ten -mi  Hi  on  th  part  of  the  whole  of  the 
mendian  c[uadrant  was  computed  from  the  portion  of  the  meridian 
measured  to  be  443'296  lines  of  the  tohe  of  the  Peru,  and  the 
length  of  the  new  metre  was  determined  to  be  i'949  toise.  The 
new  standard  metre  was  constructed  of  platinum  and  exactly  of 
the  computed  length,  and  was  deposited  at  the  Palace  of  the 
Archives,  at  Paris,  whence  it  is  known  as  the  Metre  des  Archives. 
In  point  of  fact,  it  has  now  been  found  from  later  measuremenls 
of  arcs  of  the  meridian  that  the  computed  length  of  the  meridian 
quadrant  was  too  short  by  about  i472"5  metres.  But  it  will  never 
be  worth  while  to  correct  the  metre  by  the  ten  millionth  pan  of 
this  difference,  amounting  to  about  ^  of  a  millimetre.  One  of 
the  original  metres  is  exhibited  here,  and  is  now  before  you. 

The  units  of  metric  measure  of  capacity  and  of  weight  were  de- 
rived from  the  metre.  The  unit  of  metric  capacity  called  a  Litre 
was  defined  to  be  a  measure  of  the  capacity  of  a  cubic  decimetre,  or 
the  cube  of  the  tenth  part  of  the  metre.  The  unit  of  metric  weight 
was  defined  to  be  the  weight  of  distilled  water  contained  in  a  litre, 
and  was  called  a  kilogram.  For  determining  the  capacity  of  the 
litre,  an  experimental  vessel  was  constructed  in  the  form  of  a 
cylinder  with  the  height  equal  to  the  diameter.  Its  volume  was 
intended  to  be  made  nearly  2\  that  of  a  cubic  decimetre,  and  its 
exact  volume  was  determined  by  accurately  measuring  its  external 
dimensions.  It  was  then  weighed  in  air  against  old  French 
weights,  and  again  when  immersed  in  disrilled  water ;  the  weight 
of  water  displaced  by  it  was  thus  ascertained,  and  from  it  was 
computed  the  exact  weight  of  water  displaced  by  the  volume  of 
a  cubic  decimetre;  this  weight  was  i8S27-r5  grains  of  the  Poids 
de  Marc,  which  contained  9216  such  grains.  A  vessel  containbg 
this  weight  of  water  constituted  the  litre,  the  standard  of  metric 
capacity,  and  a  standard  kilogram  of  platinum  was  constructed  of 
this  exact  weight,  and  was  deposited  also  at  the  Palace  of  the 
Archives,  bein;;  known  is  the  h7i>grapime  tfes  arc/ih'ei.  From  these 
two  primary  sUndards  of  metric  length  and  weight,  all  other  metric 
measures  and  weights  have  since  been  derived.     No  standard  of 
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the  litre  was  made,  as  its  true  contents  could  be  better  ascertained 
by  weijjhing  its  contents  of  water  against  a  standard  kilngrara. 

30.  I  would  here  draw  your  attention  to  the  effects  of  difference 
of  temperature  upon  the  length  of  standard  bars  of  linear  measure, 
and  to  the  combined  effects  of  differences  of  temperature  and  of 
weight  of  air  upon  the  weighings  of  standard  weights  in  air,  and 
upon  the  capacity  of  standard  measures  as  determined  by  weigh- 
ing their  contents  of  water  in  air. 

No  consideration  was  given  to  the  effect  of  these  influences 
upon  standanls  in  ancient  times,  when  indeed  all  the  standards 
were  constructed  without  regard  to  scientific  accuracy.  But  it  has 
not  been  so  in  more  recent  times,  when  for  determining  their  true 
value  it  has  became  absolutely  necessary  to  fix  the  standard 
temperature  of  every  standard  of  length,  as  well  as  the  conditions 
to  which  the  standards  of  weight  and  capacity  are  10  be  referred. 

As  every  metallic  bar  varies  more  or  less  in  length  from  changes 
of  its  temperature,  it  is  necessary  to  determine  the  temperature  at 
which  its  true  length  is  to  be  taken,  which  is  called  its  standard 
temperature.  The  standard  temperature  of  the  Imperial  yard  la 
62°  Fahrenheit.  That  of  the  old  French  standard  loise  was  13° 
Reaumur,  equal  to  6 1  J"  F.  These  standards  were  therefore  nearly 
always  of  their  true  length  in  the  ordinary  temperature  of  a 
comparing  room ;  though  when  special  accuracy  was  required,  it 
became  necessary  to  determine  their  temperature  by  a  standard 
thermometer,  and  to  make  allowance  for  any  difference  of  length 
caused  by  their  eitpansion  or  contraction  from  their  true  length  at 
the  standard  temperature.  On  the  other  hand,  the  French  men 
of  science,  in  order  to  avoid  any  difficulties  of  determining  the 
temperature  liy  the  use  of  a  thermometer,  and  also  for  the  purpose 
of  obtaining  the  advantage  of  readily  bringing  the  standard  bar  to 
a  constant  temperature,  adopted  the  temperature  of  melting  ice, 
31"  Fahr,  or  0°  Centigrade,  as  the  standard  temperature  of  the 
metre.  This  plan,  however,  has  also  its  disadvantages,  as  any 
mctalhc  or  even  wooden  metre  which  may  be  of  the  irac  length 
of  a  metre  at  31°  Fahr.  is  sensibly  longer  at  a  mean  temperature 
of  63"  Fahr.  In  a  scientific  comparison  also  of  a  French  metre 
with  an  English  yard,  the  exact  temperature  of  each  bar  must  be 
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ascertained  as  well  as  their  rate  of  expansion,  and  the  true  length 
of  each  computed  at  its  standard  temperature,  Togive  you  some 
idea  of  the  amount  of  this  allowance,  I  must  refer  you  to  this 
table  of  the  average  actual  expansion  of  a  metre  bar  and  a  yard 
bar,  constructed  of  materials  differing  in  their  rale  of  expansion, 
warning  you  at  the  same  time  that  it  is  in  each  case  only  an 
average  amount  of  expansion,  as  bars  even  of  similar  metal  and 
from  the  same  casting  are  found  to  differ  sensibly  in  their  rate  of 
expansion. 
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The  actual  amounts  of  expansion  here  stated,  even  for  30°  Fahr, 
from  32°  to  62°  may  appear  to  you  very  small,  but  they  are  really 
considerable  when  viewed  through  microscopes,  which  is  the 
ordinary  practice  in  scientific  comparisons  of  standard  bars.  You 
will  understand  this  when  T  slate  to  you  that  ail  the  74  Imperial 
standard  yards  constructed  by  the  commission  for  restoring  the 
standards  aie  marked  with  the  temperature  in  hundredths  of  a 
degree  of  Fahrenheit  at  which  they  are  of  the  true  length  of  a 
yard.  Only  the  Imperial  standard  itself  and  one  other  bronze 
yard  are  marked  with  62°-oo  F.     The  Others  vary  more  or  less 
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from  a  minimum  Iempcniiureof6i°'i4to  a  maximum  temperature 
of  63*55,  3"  exceptional  high  temperature  of  a  Swedish  iron 
standard  yard. 

As  to  the  actual  effect  of  variations  in  temperature  which  affect 
the  volume  of  a  standaril  weight  when  weighed  in  air,  and  conse- 
quenUy  the  volume  of  air  displaced  by  it,  and  of  variations  of  tem- 
peratiu'c,  of  barometric  |iressure,  and  other  ironditions  of  the  air, 
which  affect  the  weight  of  the  volume  of  air  displacL-d,  their  effects 
on  th«  results  of  the  weights  in  air  have  to  be  ascertained  by  ela- 
borate computations,  and  allowed  for,  before  the  constant  and  true 
value  of  a  standard  weight,  which  is  its  weight  in  a  vacuum,  can 
be  determined.  I  have  gone  more  fidly  uj)on  this  pari  of  the  sub- 
ject in  my  previous  lecture  on  Balances,  to  which  I  may  refer 
you.  The  results  of  weighing  the  contents  of  water  in  standard 
measures  of  capacity,  against  standard  weights  in  air,  must  in  like 
manner  be  corrected,  but  lime  will  not  allow  mc  now  to  allude 
further  to  this  scientific  process. 

31.  So  far  as  regards  the  conditions  of  the  primary  units  of 

weight  and  capacity  of  ihe  Imperial  and  the   Metric  Systems, 

which  alone  may  now  be  referred  lo.  the  standarti  unit  of  weight 

in  each  case  is,  as  I  have  already  stated,  made  of  platinum,  and 

I  its  true  weight  in  a  vacuum.     But  for  all  ordinary  commercial 

I'  purposes,  a  second  standard  of  weight  is  cstabUshed,  which  is  of 

1   brass,  and  cfjunl  to  the  primary  standard  in  a  vaaium.      Hut  its 

commercial  value  is  its  weight  in  ordinary  air,  or  more  strictly  in 

I  what  is  considered  as  the  average  condition  of  air  in  comparing 

I  rooms,  when  the  thermometer  is  at  62°  F.  and  the  barometer  at 

30  inches.    This  is  our  standard  air ;  and  that  of  the  French  is 

\  very  nearly  the  same.     I  now  produce  Iwfore  you  spedmens  of 

I  the  primary  and  of  the  commercial  standonl  units  of  weights  of 

^  the  two  systems,  the  pound  and  the  kilogram,  which  are  amongst 

I  Uie  instruments  of  the  Standards  ncparlmcnt. 

31,  There  is  not  the  same  uniformity  in  the  mode  of  dealing 

i  with  the  standard  units  of  capacity  of  the  two  spteros.     The 

English  Gallon  hus  its  true  value  when  it  contains  pure  water, 

[  ten  times  the  weight  of  ihe  brass  commercial  standard  pound  when 

I    weighed  in  standard  air.     ISut  the  French  Litre  has  its  tnie  value 


% 
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when  it  contains  pure  water  at  its  maximum  density,  or  about  39° 
Fahr.,  of  the  weight  of  the  brass  commercial  standard  kilogram 
at  32°  F.  when  weighed  in  a  vacuum.  As  it  is  impossible  actually 
to  weigh  them  under  such  conditions,  the  practice  is  to  weigh 
thera  in  air,  and  then  to  compute  the  true  vahie.  Like  the  metre, 
therefore,  the  commercial  value  of  the  litre  in  ordinary  air  does 
not  quite  agree  with  its  legal  value.  The  difference  is  small,  and 
for  all  commercial  purposes  may  be  entirely  disregarded.  Still  it 
is  appreciable,  especially  in  large  multiples  of  the  litre.  The 
legal  litre  contains  1000  grammes  weight  of  water  in  a  vacuuiDr 
whilst  the  commercial  litre  contains  a  little  less  than  999  gnunmes 
weight  of  water  in  air. 

33.  I  need  hardly  remind  you  that  the  standards  of  weights  and 
measures  are  made  practically  useful  by  means  of  duly  verified 
copies  of  these  standards  and  of  their  authorized  multiples  and 
parts,  which  are  placed  in  the  charge  of  local  officers,  whose  duty 
it  is  to  compare  all  commercial  weights  and  measures  with  them, 
and  to  stamp  them  when  found  correct.  In  all  foreign  countries, 
it  is  the  practice  for  the  Government  to  supply  the  local  officers 
with  the  requisite  number  of  verified  copies  of  the  standards  at  the 
public  expense ;  and  this  was  also  the  practice  in  this  country, 
until  the  imperial  standards  were  established  in  1824,  when  the 
local  authorities  were  required  to  furnish  at  their  own  cost  copies 
of  the  standards  to  their  officers,  which  were  to  be  sent  to  the 
Government  office  for  verification.  No  legal  provision  wasmade 
for  reverifying  these  local  standards  until  1859,  when  the  weights 
were  required  to  be  reverified  at  least  every  five  years,  and  the 
measures  every  ten  years.  Practically  they  are  now  reverified 
much  oftener,  and  many  of  the  weights  every  year.  This  consti- 
tutes the  administrative  business  of  the  Standards  Department,  as 
distinct  from  its  scientific  duties,  as  it  is  also  charged  with  all  com- 
parisons with  the  standards  required  for  scientific  research.  In  Great 
Britain  there  are  upwards  of  700  local  inspectors  of  weights  and 
measures  who  have  charge  of  as  many  sets  of  local  standards  ;  and 
there  are  also  more  than  600  local  inspectors  in  Ireland,  but  these 
use  iron  sub-standard  weights  which  are  locally  verified.  The 
inspection  of  weights  and  measures  is  disdnct  from  that  of  gas 
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meters.  There  are  also  upwards  of  fifty  inspectors  of  gas  meteis 
fe  Great  Britain,  and  two  in  Ireland.  All  of  these  are  furnished 
with  verified  copies  of  the  Standard  Gas  Measures. 

34.  In  conclusion,  without  referring  further  lo  the  relative 
Ivaotages  of  the  Imperial  and  the  Metric  System  of  Weights  and 
Measures,  I  may  briefly  state  that  the  metric  system  has  now  been 
adopted  in  every  country  of  Europe,  except  Russia  and  this 
country.  It  has  also  been  adopted  in  Turkey  and  in  most  of  the 
States  of  South  America.  In  the  United  States  of  North  America, 
tiie  weights  and  measures  are  still  regulated  by  our  English  stand- 
iuds  which  were  in  force  during  the  last  century,  but  preparations 
ve  being  made  for  adopting  the  Metric  System,  It  is  thus  truly  the 
International  System  of  Weights  and  Measures,  and  in  order  that 
tmiform  standards  of  the  Metric  Svstem  should  be  furnished  to 
lU  civilized  countries,  an  International  Commission  was  convoked 
Paris  in  1870,  formed  of  competent  scientific  representatives 
'from  more  than  thirty  of  the  principal  governments,  including 
that  of  this  country,  for  the  purpose  of  constructing  a  sufficient 
number  of  New  Metric  Standards  with  the  highest  possible  scien- 
tific accuracy.  These  standards  are  now  nearly  completed  as 
legards  their  construction,  but  a  considerable  time  n-ill  probably 
«lBpse  before  their  definite  verification  and  their  distribution  is 
icomplished. 

The  Chairman  :  I  am  sure  you  will  unite  with  me  in  returning 
ir  very  grateful  thanks  to  Mr.  Chishohn  for  the  admirable 
anner  in  which  he  has  condensed  an  enormous  quantity  of  infor- 
jBiation,  beginning  from  the  earliest  periods  of  civilization  and  bring. 
iag  us  down  to  the  most  recent  refinements  of  his  own  office.  I 
iim  sure  you  have  heard  it  with  great  interest,  and  I  am  sure  you 
■11  go  away  as  I  do.  astounded  that  there  should  have  been  such 
lOrmous  quantity  of  information  in  the  world  on  a  subject  of 
great  interest,  and  that  you  and  I  should  have  ijeen  ignorant  of 
so  much  of  it.  The  lecture  possessed  one  great  charm  which  1 
always  find  the  lectures  of  the  ablest  men  in  each  department 
]>ossess,  namely,  that  the  able  man  puts  ten  rimes  more  into  an 
hour's  speaking  than  the  other  man  puts  into  a  great  many  hours ; 
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and  you  have  had  tbc  whole  woifc  of  a  lifttnne,  and  the  wfairie 
history  of  mankind  with  rdereoce  to  wet^ts  and  ineasares  pot 
bdore  you  in  an  interesting  and  to  roe  in  a  fasdnatJag  maaDcr. 
At  the  same  time  that  we  most  return  oar  most  grateful  thanks 
lor  this  lecture,  allow  me  just  to  say  that  I  dunk  we  have  anotber 
task,  or  pleasure,  or  duty,  equally  tncurabeat  upon  us.  ^^  "  * 
tBe  Z9th  of  a  series  of  free  lectures  by  eminent  men  of 
profound  and  riitliciilt  subjects  which  have  been  giren  to 
sive  audiences  in  this  room,  who  have  shown  dmSlaratti 
interest  to  that  which  you  have  shown  on  this  occasaoa,  and  wbo 
have  felt  themselves  as  much  indebted  as  we  feel  ourselves  t»- 
ni^t  to  those  lecturers  who  have  so  kiudly  volunteered  'daax 
great  ability  and  valuable  time,  not  for  our  entertainment  merdy, 
but  for  our  profound  instruction,  and  1  trust  real  improvemenL 
I  hold  in  my  hand  a  list  of  29  such  lectures  which  have  been 
given  upon  these  occasions ;  and  when  I  combine  the  institutioi) 
of  these  free  science  lectures  with  the  great  exhibition  of  scientific 
instruments  collected  from  all  the  countries  of  Europe,  and  also 
collected  historically  so  as  to  show  the  old  regions  of  science  as 
well  as  its  more  recent  triumphs  and  progress— 1  say,  when  in  such 
circumstances  we  have  a  series  of  lectures  delivered  by  the  most 
distinguished  men  of  England,  each  in  his  department,  we  must  feel 
that  this  is  the  opening,  as  I  venture  to  say,  of  a  new  era  in  the 
public  instil ution.s,  may  I  say  in  the  popular  institutions  of  this 
kingdom  ;  for  I  think  you  will  all  agree  with  me  that  the  South 
Kensington  Museum  of  Art  has  become  a  popular  and  a  Eavourite 
institution,  not  only  in  this  city  but  in  the  land  in  general,  atu! 
that  we  Englishmen  are  all  proud  of  ourselves,  of  our  country- 
men, and  of  our  country  when  we  walk  through  that  admirable 
collection  which  is  open  to  all  the  world  for  the  refinement  of 
their  taste,  for  their  instruction  in  the  most  exquisite  works  of  art 
which  have  ever  proceeded  from  the  brains  of  human  beings. 
Now  I  think  we  owe  a  great  debt  of  gratitude  to  those  gentlemen 
who  have  initialed  a  new  department  of  a  similar  description  not 
for  matters  of  art  but  for  matters  of  science,  and  who  have  col- 
lected together  here  for  the  first  time  such  a  number  of  the 
marvels  of  human  ingenuity,  and  of  the  creations  of  modern  scientific 
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men  by  the  discoveries  which  have  enabled  them  to  achieve  these 
triumphs  of  skill.  Allow  me  to  say  that  the  collecrion  which  has 
been  made  here  is  a  cnllection  in  ihc  departments  with  which  I 
happen  to  be  acquainted  of  most  marvellous  scientific  value,  and 
in  many  respects  of  most  powerful  instructive  value.  The  rooms 
downstairs  arc  filled  with  a  multitude  of  apparatus  which  to  most 
minds  achieve  things  utterly  impossible.  I  do  not  know  if  y<iu 
have  noticed  that  you  have  a  simple  set  of  wheels  downstairs 
to  which  you  communicate  the  information  that  you  want  to 
know  what  calculations  should  be  made  for  the  tides  in  any 
part  of  the  world  that  you  choose  to  name.  You  give  to 
this  machine  the  latitude  and  longitude  of  the  particular  place  you 
want  to  calculate  J  the  machine  grinds  round,  and  on  a  sheet  of 
paper  it  givvs  you  the  whole  calculations  of  the  tides  for  the  place 
you  want.  Now  the  tides,  you  remember,  arc  created  by  the  at- 
traction of  the  sun  and  the  attraction  of  the  motin ;  ihey  are 
rendered  tiiffcrent  in  each  part  of  the  world  by  the  longitude  and 
latitude  of  that  part  of  the  world,  and  all  this  calculation  is  done 
for  you,  and  handed  to  you  on  a  piece  of  paper  that  you  place 
there  to  receive  them,  I  only  select  that  as  one  of  the  instru- 
ments you  see  downstairs.  In  the  same  manner,  if  you  wish  to 
draw  some  exquisite  curve,  you  may  call  in  an  astonishing 
artist,  you  may  call  in  a  wonderful  mathematician,  but  1  would 
defy  any  human  being  with  any  pencil  to  create  a  single  curve 
of  the  exquisite  l>eauiy  and  the  incredible  precision  of  those 
curves  which  are  manufactured  by  some  of  the  intelligent  little 
self-acting  engines  of  which  you  will  see  specimens  downstairs. 
And  allow  me  to  suggest  to  you  what  an  education  it  would  be 
for  the  young  men  who  are  rising  up  to  succeed  you  and  me  in  the 
duties  of  life,  to  come  on  their  holidays  and  afternoons  now  and 
then  and  see  in  every  department  of  science  what  is  the  cleverest 
thing  that  humanity  has  been  able  to  achieve  up  to  this  moment. 
Would  it  not  give  them  a  fresh  start  in  life ;  would  it  not  give  them 
an  ambition  and  an  aim  in  life,  and  would  not  it  be  the  most  ad- 
mirable instrument  of  education  you  could  conceive,  when  they 
should  come  and  witness  these  triumphs  themselves  instead  of 
eing  them  descnbed  in  books,  drawn  in  pictures,  or  scored  out  on 
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black  boards.  It  appears  to  me  then  that  if  this  institution  were  to 
become  pennanenl  in  a  large  building  to  be  erected  for  the  pur- 
pose, where  we  might  bring  together  large  diagrams,  shewing  us 
all  the  wonderful  discoveries  which  have  been  made  of  remark- 
able phenomena  made  plain  to  out  eyes,  and  see  wonderful  rooms 
filled  with  the  developmenis  of  all  the  amazing  beauty  of  coloun 
which  the  recent  discoveries  in  optics  have  manifested  to  the 
human  mind, — colours,  the  complication  and  combination  j 
brilliancy  and  relations  of  forms  of  which  infinitely  transcend  any- 
thing  the  human  imagination  has  ever  been  able  to  conceive  ;  if 
you  were  then  to  walk  through  these  halls  and  see  what  is  the  most 
perfect  instrument  that  has  been  invented  by  humanity  for  any 
given  purpose,  you  would  not  only  receive  general  instruction, 
but  I  am  sure  that  if  you  saw  something  in  yoiu-  own  profession 
you  would  then  and  there  have  the  ambition  to  do  something  : 
good  as  that  and  even  perhaps  better. 

Now,  gentlemen,  we  are  indebted  for  the  initiative  of  such  a., 
theoretical  elysium  of  science  as  I  am  now  suggesting  to  yott; 
to  certain  official  gentlemen  whom  I  wish  you  to  unite  along  with' 
the  lecturer  in  passing  a  vote  of  thanks  to.  I  assure  you  I  find  on- 
examination  that  some  four  or  five  men  have  done  all  this  for  you;- 
and  those  men  have  laboured  and  laboured  and  taken  such  pain>' 
and  toil  as  you  can  hardly  conceive,  to  initiate  this  movement  and 
to  put  it  before  you  as  you  now  see  it.  In  the  beginning  of  theiri 
work  I  know  that  they  encountered  such  obstacles  that  thejr 
almost  gave  it  up  in  despair,  only  there  are  some  Englishmen 
who  never  will  be  prevailed  upon  to  give  up  anything  in  despair 
when  they  think  it  is  a  great  work  for  the  public,  and  when  tiicy. 
feel  that  it  may  be  their  duty  to  carry  it  out  successfully.  Now,' 
these  gentlemen,  1  happen  to  know,  had  to  ransack  England  al<< 
most  personally  before  they  could  get  anybody  to  help  them,  audi 
then  havmg  only  got  a  little  help  in  England  they  had  to  seek  he^. 
abroad  ;  and  in  order  to  obtain  that  they  had  to  get  and  solicit  the 
different  civilised  nations  of  Europe  to  come  and  help  to  instruct 
you  English  citizens  by  shewing  you  in  every  department  dS 
science  what  they  had  been  able  to  do.  At  last  they  succeeded. 
You  must  be  astonished,  as  I  was,  to  see  the  wonderful  col]ectioa> 
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which  the  German  people  have  sent  here  of  their  educational  ap- 
paratus and  of  their  mechanical  apparatus  of  every  kind  ;  and 
you  will  be  pleased  to  know  that  it  was  with  the  entire 
concuirence  of  the  German  Government,  and,  I  believe,  by 
the  powerful  influence  of  some  of  the  most  elevated  people 
in  Germany,  that  a  vote  was  given  that  they  should  cor- 
dially assist  li)ngland  in  this  great  attempt  of  hers  to  educate  her 
rising  generacioa  to  enable  them  to  perform  great  achievements 
in  science  and  its  applications.  1  think  it  was  a  kindly  act  on 
their  part.  We  have  received  also  from  several  other  nations, 
Belgium,  France,  Italy,  and  many  nations,  valuable  contri- 
butions of  the  same  kind.  I  think  it  would  be  a  great  pity  that 
such  a  collection  should  be  dispersed.  I  think  it  would  be  a 
great  pity  that  this  should  be  the  last  lecture  of  this  kind  at  which 
you  and  I  are  to  have  the  pleasure  ofmeeting  each  other.  I  think  it 
would  be  an  oversight  to  let  this  occasion  go  over  without  sayitig 
that  we  believe  from  the  wonderful  success  which  has  attended 
these  free  lectures,  and  from  the  wonderful  popularity  which  has 
been  achieved  by  the  lectures  of  jtrofound  and  eminent  men^ 
as  distinguished  from  mere  professional  lectures— profound  and 
eminent  men  of  science  coming  here  and  endeavouring  to 
make  plain  to  you  the  profoundest  truths  of  their  own  special 
research,—!  say  it  is  a  new  future  and  a  future  which 
deserves  very  great  approbation  on  our  part,  and  let  us 
hope  that  this  is  therefore  the  nucleus  of  a  new  museum  to 
be  entrusted  I  hope  to  the  same  able  hands  which  have 
brought  this  together,  to  be  collected  in  larger  halls  with 
much  greater  opportunities  for  shewing  the  treasures  of  science 
than  even  this  collection  gives  us,  and  that  the  future  courses  of 
lectures  to  be  given  to  the  bnglish  people  in  these  halts  on  such 
occasions  will  be  lectures  not  only  by  25  or  19  of  the  most 
distinguished  men  of  science,  but  that  during  a  considerable 
portion  of  the  year  a  regular  course  of  such  lectures  shall  be 
given  by  the  most  distinguished  men  on  the  most  important 
subjects,  and  shall  drawa  large  collection  of  young  men  and  some  of 
us  men  not  quite  so  young,  to  these  halls  of  science.  In  order 
to  that  end,  then,  giving  our  best  thanks  for  the  [iast  services,  and 
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giving  them  our  warmest  wishes  that  we  may  enjoy  in  the  future 
similar  and  even  greater  services,  I  would  return  our  thanks  now 
to  Mr.  Chisholm  and  also  to  those  other  gentlemen  to  whom  I 
have  already  referred,  and  I  would  further  return  our  thanks  to  all 
the  gentlemen  who  have  contributed  Free  Lectures,  and  to  all 
those  who  have  assisted  them  so  liberaDy  in  bringing  this  collec- 
tion together,  and  say  that  the  English  people,  as  represented  by 
us,  are  not  ungrateful  for  the  very  great  amount  of  trouble  and 
pains  which  have  been  thus  expended  for  their  intellectual,  and, 
I  trust,  also  for  their  moral  good. 


THE   END. 
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